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INTRODUCTION 
The lipids of ruminant adipose tissue are mostly saturated, even 
though the fatty acids of typical ruminant feeds are largely 
polyunsaturated. At present, reduced consumption of beef is promoted 
because of the association between intake by humans of saturated animal 
fats and atherosclerosis (Keys, 1975). Having the ability to efficiently 
increase the proportion of polyunsaturated fatty acids in lipids of beef, 
therefore, would benefit the beef industry. 
The extensive saturation of feed lipids occurs because of microbial 
hydrogénation of unsaturated fatty acids in the rumen (Reiser, 1951). 
Formaldehyde treatment of polyunsaturated vegetable oil greatly reduces the 
susceptibility of the oil to biohydrogenation; consumption of 
formaldehyde-protected oil increases the content of unsaturated fatty acids 
of lamb (Cook et al., 1970), veal (Wrenn et al., 1973) and beef (Garrett et 
al., 1976a,b). Increasing the fat content of diets for dairy cows, even 
without formaldehyde treatment of the fat, resulted in an increase in 
unsaturated fatty acid content of milk (Mielke and Schingoethe, 1981). The 
lipids of several meat cuts of lamb frcsn sheep fed diets supplemented with 
full-fat soy flour contained greater proportions of unsaturated fatty acids 
than did those of unsupplemented sheep. Similar results were obtained for 
beef cattle that were fed diets containing added safflower oil (Dryden et 
al., 1973). In addition to the amount of unsaturated fat in the diet, 
high-energy diets also will increase the proportion of unsaturated fatty 
acids of adipose tissue lipids of beef cattle (Cabezas et al., 1965). 
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The present study was conducted to determine if a high concentrate 
diet supplemented with full-fat soybeans, enough to increase the dietary 
fat to ca. 6%/ will influence the fatty acid ccmpositicm of lipids in 
tissues of beef cattle. Specific objectives were: 
A. To determine the proportion of polyunsaturated fatty 
acids of lipids in adipose tissue, muscle and plasma of 
steers. 
B. To determine the extent of biohydrogenation in the rumen 
of soybean-supplemented diets. 
C. To determine the effect of supplemental soybeans on in 
vitro fatty acid synthesis and lipoprotein lipase activity 
in adipose tissue and on concentrations of lipids and urea 
nitrogen in plasma of steers. 
D. To determine the effect of supplemental soybeans on growth 
performance of steers and organoleptic characteristics of 
rib steaks fran these steers. 
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LITERATURE REVIB7 
The following literature review is intended to provide insight into 
the use of dietary manipulation for altering the fatty acid conposition of 
ruminant body fat. Because this dissertation is based on the use of 
soybeans in cattle diets, the review will begin with a discussion of 
soybeans for ruminant diets. Secondly, the effects of protected-lipid and 
high-fat diets on rumen metabolism and fatty acid composition of body fat 
and milk will be covered. Finally, the effects of supplemental fat on 
adipose tissue metabolism will be reviewed. 
Use of Soybeans in Ruminant Diets 
Soybeans are included in ruminant diets primarily to provide 
supplemental protein. Soybean oil usually is extracted from the soybeans, 
and tlie resulting soybean meal, containing about 44% crude protein (î©C., 
1976), is used as the protein supplement. VJhole soybeans contain 38% crude 
protein and 20% fat (Hafez, 1983), and they too have been used to 
supplement the dietary protein of beef cattle as well as of horses,- sheep 
and dairy cattle (Cullison, 1975). Early reports indicated that, when- raw 
soybecuis were added to beef cattle rations to provide a balance of crude 
protein for corn-based diets, the intake of oil was greater than the amount 
that could be utilized by the animal (Snapp, 1930). Snapp (1930) 
recatimended that "probably 2 1/2 pounds of beans per day should be regarded 
as the maximum amount that can be fed safely to a two-year-old steer". 
With dairy cattle, early reports indicated that ground soybeans were 
similar to linseed oil meal- (Schaefer, 1927) or corn plus corn 
silage-based diets (Williamson et al., 1943) for milk production. 
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Effects of soybean processing on their use by cattle 
Whole, or full-fat, soybeans are used to provide supplemental protein, 
as well as energy from the fat. Most cattle rations include heat-treated 
soybeans; raw soybeans, however, are still an attractive alternative, 
especially for beef and dairy cattle farmers who grow their own soybeans. 
Perry and Macleod (1968) supplemented the diets of lactating dairy cows 
with either raw soybeans or soybean meal. Milk from the cows fed the raw 
soybeans had acceptable flavor, and the milk-fat was increased compared 
with the control animals. Dairy cows fed diets containing 5% supplemental 
extruded soybeans had greater feed intakes than did cows fed diets 
containing whole cottonseed or whole sunflower seeds (Anderson et al., 
1984). In another study, raw soybeans and extruded (heat-treated) whole 
soybeans were added to dairy cow rations to provide 6% total dietary fat; 
there were no differences in milk production or milk-fat content (Van Dijk 
et al., 1983). In a growth study with 70-kg bull calves, digestion and 
retention of nitrogen was greatest with roasted soybeans compared with raw 
or microwave-cooked soybeans (Prasad and Morrill, 1976). Also in the same 
study, nitrogen solubility in the rumen and crude fiber digestion were 
lowest for diets containing roasted soybeans. These data indicate that 
roasting soybeans increases their protein utilization by calves. With dairy 
cows, crude fiber digestion was not reduced by feeding roasted versus raw 
soybeans, although feed intake of the diet containing roasted soybeans was 
greater (Rakes et al., 1972). Holstein steers that weighed 157 kg digested 
less dry matter, protein and gross energy cotipared with steers fed extruded 
soybeans, roasted soybeans or soybean meal when their diets contained raw 
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soybeans at 17% of the diet (Daniels et al., 1973). Heat-treated soybean 
meal fed to lambs resulted in a significant decrease in cellulose 
digestion, while post-ruminal utilization of the soybean meal was not 
reduced (Nishimuta et al., 1973). Reduced protein solubility of 
heat-treated soybean meal also has been shown in steers {Nishimuta et al., 
1974) and iambs (Glimp et al., 1967; Dysli et al., 1967). Vîhen raw or 
roasted soybeans were canbined with raw or roasted sorghum in diets of 
feedlot steers, feed intakes, average daily gains, feed to gain ratios and 
digestibilities of dry matter, crude protein, ether extract, crude fiber 
and nitrogen-free extract were not different (Sudweeks et al., 1978). Feed 
efficiency of young growing lambs, however, was improved by heating soybean 
meal (Hudson et al., 1969). 
Depending on type of production desired, therefore, heated or raw 
soybeans may or may not be desired. If high roughage diets are used, 
feeding great amounts of heat-treated soybeans may be undesirable because 
of low rumen solubility of protein in the rumen, which results in lesser 
ammonia available to rumen microbes for their protein synthesis. In 
feedlot studies where heat-treated soybeans plus urea were fed to cattle, 
average daily gains and feed efficiencies were better than those of control 
cattle or cattle supplemented with only urea (L. J. Hanson, Triple "F" 
Feeds, Des Ktoines, lA, personal communication). The availability of niacin 
to rumen protozoa is reduced by heat-treating soybeans and results in 
reduced numbers of protozoa (Dennis et al., 1982). Adding 6 g of niacin 
per d to a diet containing 19% heat-treated soybean meal increased the 
protozoal counts in rumen fluid of dairy cows (Dennis et al., 1982). 
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Effects of supplemental fat on digestion and production in cattle 
Associated with the protein of whole soybeans is the fat (20% fat). 
Because of the high-energy density of fat, feeding supplemental fat is a 
desirable constituent of ruminant rations; supplementing ruminant diets 
with fat, however, is not without limitations. Ruminants cannot tolerate 
high levels of dietary fat and usually will develop digestive disturbances 
when the diet exceeds 7 or 8% fat (Johnson, 1978). Excessive fat results 
in reduced feed intakes, which may occur when fat is included in the diet 
at 2 to 5% (Johnson, 1978). When cattle were fed enough cottonseed oil to 
provide 7.6% dietary fat, feed intakes were less but daily body weight 
gains were greater than for cattle not supplemented with fat (Willey et 
al., 1952). Steers fed a high-energy diet containing ca. 10% fat fron 
either rapeseed oil, sunflower seed oil or animal tallow improved average 
daily gains and feed to gain ratios (Roberts and I4cKirdy, 1954). Sheep fed 
diets that contained 17% fat and 5.4% crude fiber had significantly lower 
daily gains and greater feed to gain ratios than did sheep fed diets that 
contained either 17 or 25% crude fiber plus 17% fat (Cameron and Hogue, 
1968). Feedlot cattle that were fed diets containing either 0, 2.5 or 5% 
added tallow did not differ in their rates of body weight gains (Edwards et 
al., 1961). 
In dairy cattle, the detrimental effects of excess supplemental fat 
are reduced feed intake and milk-fat depression. Milk-fat depression 
occurs because of reduced fiber digestion in the rumen, a result of 
inhibited microbial activity (Palmquist and Jenkins, 1980). Feeding 
excessive polyunsaturated oils can cause a shift in microbial fermentation 
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towards a lower acetate to propionate ratio, which is a direct effect of 
reduced fiber digestion (Palmquist and Jenkins, 1980; Hut]ens and Schultz, 
1971). The reduced acetate production causes adipose tissue to compete 
with the mammary gland for lipid precursors and decreases acetate 
availability to the mammary gland. Adipose tissue also responds with 
increased uptake and esterification of dietary long-chain fatty acids and 
decreased mobilization of long-chain fatty acids (Palmquist and Jenkins, 
1980). 
An interaction between protein content and the form of fat fed was 
demonstrated for dairy cows by Larson and Schultz (1970). VJhen soybean oil 
was included in a ration tliat contained 13.1% crude protein, milk-fat 
depression occurred. IJhen tine soybean oil was fed with a 19.4% crude 
protein diet, there was no milk-fat depression. When the supplemental fat 
was fed as full-fat soybeans, milk-fat was greater than when fed as the 
oil. Larson and Schultz (1970) explained these results as a change in the 
proportion of triglycerides and free fatty acids in plasma. During 
milk-fat depression, mammary gland uptake of triglycerides was least and 
output of free fatty acids was greatest. Feed intake depression was not 
observed in dairy cattle that were fed diets containing 4 to 6% fat when 
the fat was supplemented as either full-fat sunflower seeds ("Rafalowski ana 
Park, 1982), raw or extruded soybeans (Daniels et al., 1973; Stewart and 
Schingoethe, 1984; Palmquist and Conrad, 1978; Van Dijk et al., 1983), fish 
lipids (Mathers et al., 1983; Mathers and Miller, 1983), soybean oil (Van 
de Honing et al., 1981) or animal tallow and hydrolyzed vegetable and 
animal fats (Esplin et al., 1963; Palmquist and Conrad, 1980). 
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Results of in vitro and in vivo digestibility trials conducted by 
Brooks et al. (1954) with sheep and by Ward et al. (1957) with both sheep 
and cattle indicated that supplemental oil reduced roughage digestion in 
the rumen. In vitro cellulose digestion was decreased 40 to 94% with 1 to 
17% corn oil, respectively (Brooks et al., 1954). Corn oil at 3.2 and 6.4% 
caused in vivo cellulose digestion to decrease by 52 and 70%, respectively 
(Brooks et al., 1954). The addition of either 2.5 or 10% corn oil to corn 
cob or cottonseed hull diets for sheep reduced average daily gains and 
increased the feed to gain ratio (Ward et al., 1957). Also, cattle fed 10% 
corn oil in a cottonseed hull ration had decreased dry matter 
digestibilities (Ward et al., 1957). The addition of alfalfa ash to the 
diets used by both Brooks et al. (1954) and Ward et al. (1957) partially 
alleviated the depressing effects of the added oil on performance and fiber 
digestion. Sutton et al. (1983) added vegetable oil to the diets of sheep, 
which resulted in 7.5% dietary fat, and found fiber digestion and protozoal 
n'jmbers to decrease and microbial protein synthesis and total nitrogen flow 
to increase, Sutton et al. (1983) concluded that the addition of free oil 
increases the efficiency of microbial protein synthesis; tiiey suggested 
"tliat this may enliance the potential for using non-protein nitrogen on 
oil-supplemented diets". 
Results of studies with different physical forms of soybean protein 
and different amounts of fat have been variable. Solubility of the 
nitrogen from heat-treated soybeans or soybean meal should be considered 
because of the rumen microbial requirement for soluble nitrogen. The 
amount of fat fed in association with soybeans, or any other fat source, 
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must be considered because of problems with feed intake, depressed growth, 
altered microbial fermentation and reduced fiber digestion. It seems that 
diets containing up to 6 to 8% fat are the most consistent with respect to 
successful use of the fat for growth or lactation. If larger quantities of 
fat are to be fed to ruminants, "a better understanding of the interactions 
of fat, fiber, cations, and rumen microbes is needed" (Palmquist and 
Jenkins, 1980). 
Increasing the Content of Polyunsaturated Fatty 
Acids in Ruminant Tissues and Milk 
The fatty acid exposition of lipids of adipose tissue, muscle, plasma 
and milk is characterized by high proportions of saturated fatty acids. In 
contrast, feeds usually consumed by cattle do not contain great proportions 
of saturated fatty acids. Reiser (1951) demonstrated that microorganisms 
of the rumen are active in biohydrogenation of polyunsaturated fatty acids. 
Ogilvie et al. (1961) found that, if a sheep has polyunsaturated fatty 
acids infused into its duodenum, the perirenal adipose tissue will contain 
greater than normal proportions of these acids. Rumen microbial metabolism 
of dietary lipids, therefore, is responsible for the high proportion of 
saturated fatty acids in lipids of ruminant tissues. 
Metabolism of fat in the rumen 
As mentioned previously, the fatty acids of typical ruminant feeds are 
composed largely of unsaturated fatty acids. The fatty acids of corn and 
soybean oil contain 76 to 83% (by weight) of 18:1 plus 18:2 and up to 8% of 
18:3 (Palmquist and Jenkins, 1980). Alfalfa hay and pasture grass contain 
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lesser amounts of 18:1 but contain 31 to 61% 18:3 (Palmquist and Jenkins, 
1980). 
Hydrolysis and biohydrogenation of dietary fats Tlie major fatty 
acids that enter the rumen are esterified fatty acids (Palmquist and 
Jenkins, 1980; Harfoot, 1981). Biohydrogenation requires a free carboxyl 
group (Hawk and Silcock, 1969); hydrolysis, therefore, is a prerequisite to 
hydrogénation (Harfoot, 1981). The hydrolyzed unsaturated fatty acids are 
adsorbed to food particles before they are hydrogenated while the saturated 
fatty acids are adsorbed onto the bacterial cells (Harfoot, 1981; Church, 
1976). Although rumen bacteria are the most active in biohydrogenation, 
rumen protozoa also are involved in this process (Clemens et al., 1974a; 
Church, 1976). The bacterial species involved in biohydrogenation are 
difficult to define; biohydrogenation, however, is not common among all 
rumen bacteria (Harfoot, 1981). In vitro experiments with the bacterium 
Butyrivibrio fibrisolvens has been used to study the process of 
biohydrogenation of unsaturated fatty acids (Harfoot, 1981; Church, 1976). 
In pure culture, B. fibrisolvens can hydrogenate 18:2 to 18:1 but not to 
18:0 (Church, 1976). A mixed culture of rumen bacteria, however, can 
hydrogenate 18:3 to 18:0 (Church, 1976). Therefore, the capability to 
hydrogenate raonoenoic fatty acids is not absent from the rumen; the 
mechanism, however, is unknown (Harfoot, 1981). 
Pathway of biohydrogenation The biochemical pathway of 
biohydrogenation of polyunsaturated free fatty acids begins with 
isomerizatiai to the conjugated form. The newly formed conjugated double 
bond is formed in the trans configuration, a process that is catalyzed by 
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the enzyme A^ -^cis, A^ -transisomerase; the enzyme has been isolated from 
B. fibrisolvens (Harfoot, 1981). The following pathway has been proposed 
for the biohydrogenation of 18:2 (Harfoot, 1981): 
H3C-(CH2)4-C=Ç-CH2-Ç=Ç-(CH2)7-C-OH 
H H H H 
linoleic acid, 18:2 cis-9, cis-12, isolated diene 
isomerization of the isolated diene to 
the conjugated diene 
H 0 
H3C-(CH2)4-CH2-Ç=C-Ç=C-(CH2)7-C-ÛH 
H H H 
18:2, cis-9-, trans-11, conjugated diene 
2 H 
? 9 
H3C-(CH2)4-CH2-Ç=C-(CH2)9-C-OH 
H 
18:1 trans-11 monoenoic acid 
2H 
18:0 stearic acid 
The proposed pathway for the biohydrogenation of 18:3 is as follows 
(Harfoot, 1981): 
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• linolenic acid, 18:3 cis-9, cis-i2, cis-15 
isomerization to conjugated triene 
18:3 trans-11, cis-9, cis-15 conjugated 
triene 
2H 
18:2 trans-11, cis-15 diene 
2H 
18:1 trans-11 monoenoic acid 
2H 
18:0 stearic acid 
The trans-11 isomer is the most commonly found 18-carbon intermediate in 
the rumen (Harfoot, 1981). 
The actual significance of biohydrogenation of unsaturated fatty acids 
is not known (Harfoot, 1981). Polyunsaturated fatty acids are toxic to 
many organisms, and biohydrogenation may be a means of detoxification 
(Harfoot, 1981). Also, "ridding" the rumen environment of excess hydrogens 
that accumulate during anaerobic fermentation has been proposed (Church, 
1976). A major problem in determining the significance of biohydrogenaton 
is that the source of the hydrogen donor still is not knovm (Harfoot, 
1981). 
Post-ruminal metabolism of dietary fats 
Other than the effects of biohydrogenation, there is no change in the 
fatty acid composition of feed lipids as they are transported frcsti the 
rumen to the duodenum (l^ Ioble, 1981; Bath and Hill, 1967; Lennox et al., 
1968). The amount of lipid that is found in the small intestine is from 12 
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to 104% greater than that in the diet. The quantity of lipids beyond that 
found in the diet is contributed by rumen microbes (Noble, 1981). 
Absorption In general, 20% of lipid absorption occurs in the upper 
jejenum and 60% occurs in the middle and lower jejenum (Noble, 1981). In 
ruminants, lipids normally are absorbed as free fatty acids into the 
mucosal cells of the small intestine. Triglyceride synthesis in ruminant 
intestinal mucosa occurs mainly by the -glycerolphosphate pathway, which 
is similar to that in nonruminant species (Noble, 1981). The newly 
synthesized triglycerides are incorporated into chylomicrons and 
very-low-density lipoproteins, which then are moved into the lacteals where 
they enter the intestinal lymphatics for transportation through the 
thoracic duct to the blood (Noble, 1981) and then are transported to the 
tissues. 
Deposition and desaturation Deposition of chylomicron- and 
very-low-density lipoprotein-triglycerides in adipose tissue is catalyzed 
by the enzyme lipoprotein lipase (Vernon, 1981), which is found on the 
luminal side of the capillary network surrounding each adipose cell 
(Olivecrona and Bengtsson, 1983). After lipoprotein lipase-catalyzed 
hydrolysis and absorption by the adipocytes, most saturated long-chain 
fatty acids are desaturated to their 9, 10 cis-monounsaturated derivatives 
(Vernon, 1981; Ch'ang et al., 1980). The desaturase enzyme is located in 
the microsomal fraction (Vernon, 1981) and desaturates 18:0 in preference 
to 16:0 (Pothoven et al., 1974). Pothoven et al. (1974) demonstrated that 
30 to 75% of the 18-carbon fatty acids synthesized de novo from acetate are 
desaturated; the amount of desaturation also was shown to increase with age 
14 
and to be more extensive in subcutaneous compared with perirenal or omental 
adipose tissues. 
The end result of rumen metabolism of unsaturated fatty acids followed 
by site- and acid-selective desaturation in adipocytes is a fatty acid 
composition of tissue lipids that is quite different from that of the feed 
lipids. A diet containing 41% alfalfa hay and 45% corn was composed of (by 
weight) 16:0, 17.8%; 18:0, 3.7%; 18:1, 25.1%; and 18:2, 52,9% (Park et al., 
1983). The lipids of alfalfa hay contain 31% (by weight) 18:3 (Palraquist 
and Jenkins, 1980). The fatty acid composition of rumen contents 7 hr, 25 
min after feeding alfalfa hay (Harfoot, 1981) was (by weight): 16:0, 30.4%; 
18:0, 42.6%; 18:1, 7.0%; 18:2, 3.4%; and 18:3, 6.3%. The largest change, 
therefore, occurs for 18:2 and 18:3, which decrease, as a result of 
biohydrogenation of these two fatty acids. In bovine subcutaneous adipose 
tissue, the proportions of these fatty acids were (by weight): 16:0, 27.3%; 
18:0, 11.4%; 18:1, 48.4%; 18:2, 1.9%; and 18:3, 1.9% (Waldman et al., 
1968). The major differences between the fatty acids of rumen contents and 
adipose tissue are the proportions of 18:0 and 18:1; as discussed 
previously, most 18:0 fatty acids are desaturated to 18:1 fatty acids in 
adipose cells. 
Provision of essential fatty acids The quantity of fatty acids 
that are considered essential, namely 18:2 and 18:3 (Holman, 1977), are 
consumed in adequate quantities by ruminants. Because of biohydrogenation, 
the 1 to 2% of energy intake as 18:2 is converted to only .3 to .5% of the 
available energy (Noble, 1981). The fatty acid composition of bovine serum 
lipids contain from 15 to 30% (by weight of total lipid) of 18:2 (Clemens 
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et al., 1974a). Most of 18:2 in serum is located in the cholesteryl ester 
and phospholipid fractions with very little in the triglyceride fraction 
(Christie, 1981; Noble et al., 1977). Because the essential fatty acids 
are associated with cholesteryl ester and phospholipid fractions, there is 
less chance that they will be used'as an energy source (Noble, 1981). 
Also, there is less mobilization from adipose tissue of 18:2 compared with 
the other long-chain fatty acids (Noble, 1981). Thus, the ruminant has 
developed a mechanism whereby the essential fatty acids are conserved for 
purposes more vital than serving as an energy source. 
Effect of Diet on Ruminant Tissue 
Fatty Acid Composition 
As discussed in the previous section, esterified fatty acids of the 
diet are hydrolyzed rapidly and the unsaturated fatty acids then are 
reduced to their saturated isomers while in the rumen. Also, the 
composition of fatty acids in the duodenum of ruminants will affect the 
composition of fatty acids in adipose tissue. Marchello et al. (1969) 
infused 30 g of corn oil daily for 30 d into the abomasum of sheep and 
found the 18:2 content of the adipose tissue to increase 2.5-fold compared 
with the control. As was shown by Ogilvie et al. (1961), the results of 
the study by Marchello et al. (1969) indicated that the fatty acid 
composition of aloomasal contents reflects that of adipose tissue in sheep, 
except for 18:0 and 18:1. Abonasally infused safflower oil resulted in 
increased 18:2 contents in both subcutaneous and intrami'scular adipose 
tissue of steers (Dinius et al., 1974). l-îhen 450 and 900 g of a cottonseed 
oil emulsion were infused into the jugular vein of lactating dairy cows. 
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the proportion of 18:2 increased from 12.5% to 22.0%, respectively, of the 
milk acids (Tove and Mochrie, 1963). 
The combined results of these four studies indicate that the 
post-ruminal fatty acid composition will influence the fatty acid 
composition of both milk and adipose tissue of ruminants. To bypass rumen 
biohydrogenation of dietary unsaturated fatty acids, however, alternatives 
to abomasal and jugular vein infusions are required for practical purposes. 
The most effective means of bypassing rumen biohydrogenation is to protect 
the unsaturated lipids by encapsulating them within a material insoluble in 
the rumen but soluble in the abomasum. Without this type of encapsulation, 
bypassing rumen biohydrogenation of unsaturated lipids would require 
increasing the dietary content of these fats. 
Use of protected lipids to bypass biohydrogenation 
Scott et al. (1970) and Scott et al. (1971) have described a procedure 
to protect unsaturated lipids from biohydrogenation in the rumen. Their 
procedure involved combining equal parts, by weight, of a casein solution 
and safflower oil; the safflower oil was emulsified into the casein 
solution. The oil-casein emulsion was spray-dried, and then sprayed with 
37% formaldehyde at a rate of 4 to 5% by weight of casein. The procedure 
was based on the hypothesis that, at the pH of the rumen (6 to 7), the 
formaldehyde-treated material was not soluble; thus, rumen microbes could 
not come into contact with the fat and, hence, they could not hydrogenate 
the unsaturated lipids. In the abomasum, where the pH was 2, the 
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formaldehyde-treated material was soluble and thereby susceptible to 
digestion and absorption as in nonruminant animals. 
After 20 h of in vitro fermentation in 40 ml of strained rumen 
contents from a sheep, the fatty acid composition of 200 mg of 
formaldehyde-treated safflower, sunflower or linseed oils were not 
different from their unincubated controls (Scott et al., 1971). Cook et 
al. (1970) showed that only 3 wk were required to increase the 18:2 content 
of the lipids of lamb adipose and muscle tissue by threefold to fivefold 
when the lambs were fed 200 g per d of formaldehyde-treated safflower oil. 
Faichney et al. (1973) found that growing lambs fed a formaldehyde-treated 
casein-safflower oil mixture had live weight gains similar to that of 
unsupplemented controls, but the lambs fed the treated mixture tended to 
refuse some of their supplement. Additionally, feed to gain ratios and 
digestibilities of organic matter, nitrogen, and lipid were improved, and 
whole body 18:2 content increased sixfold in the sheep fed the 
protected-lipid supplement. In nine-month-old Friesian steers that were 
fed diets containing formaldehyde-treated case in-safflower oil supplements 
for 2 wk, the 18:2 content of their perirenal and omental fats increased 
fourfold and that of their intranuiscular and subcutaneous lipids threefold 
(Faichney et al., 1972). Feed intakes, live weight gains, and feed to gain 
ratios, however, were least for steers fed the protected lipid supplements 
(Faichney et al., 1972). In Friesian steers, content of 18:2 in plasma 
triglycerides increased more rapidly than that of muscle and adipose tissue 
triglycerides, when the steers were fed the protected lipid supplement (Cook 
et al., 1972). The increase in triglyceride 18:2 content was associated 
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with a decrease in 15:0 and 18:1, while 18:0 did not change (Cook et al., 
1972). Also in these steers, the phospholipid and cholesteryl ester 
contents of 18:2 increased with the protected oil supplement. Veal calves 
fed diets containing protected safflower oil supplements ate less feed but 
had the same daily body weight gains as control calves (Wrenn et al., 
1973). As in other studies using protected safflower oil supplements, 
great increases in 18:2 contents of plasma, adipose tissue and muscle 
lipids were observed (Wrenn et al., 1973). 
High-fat products other than safflower oil have been used in studies 
that involved protection of lipids with formaldehyde. Garrett et al. 
(1975a) used a commercially-prepared mixture of whole sunflower seeds plus 
whole soybeans that was treated with formaldehyde for diets of lambs and 
cattle. This protected supplement contained 21% 18:2. Compared witli 
control lambs, feed intakes and feed to gain ratios of lambs that were fed 
a diet that contained 33% protected-lipid preparation were less whereas 
daily gains were not different (Garrett et al., 1976a). The 18:2 contents 
of subcutaneous crd perirenal adipose tissues were increased sixfold to 
sevenfold, and those of several muscles were increased fourfold to fivefold 
(Garrett et al., 1976a); concomitant decreases in 14:0, 16:0, 14:1 and 16:1 
fatty acids were observed. Also in this study, steers fed the supplement 
did not differ from controls with respect to growth performance. The 
content of 18:2 in adipose tissue of the steers fed the supplement 
increased similarly to that of sheep fed the same way (Garrett et al., 
1976a). Garrett et al. (1976b) also studied the effects of high-fat diets 
that consisted of formaldehyde-protected sunflower seeds plus soybeans or 
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formaldehyde-protected tallow on feedlot performance, energy utilization 
and fatty acid composition of cattle. In this study, cattle fed a diet 
containing either 15 or 30% protected oil supplement had similar average 
daily gains, feed to gain ratios and feed intakes. Carcasses of the 
control cattle, however, contained less fat than did carcasses of the 
fat-supplemented cattle. Muscle and adipose tissue lipids of the 
oil-supplemented cattle contained up to sixfold more 18:2 than did the 
control cattle. 
Formaldehyde treatment of full-fat soybeans has been shown to protect 
the 18:2 from extensive ruminai biohydrogenation. After 24 h of in vitro 
incubation of formaldehyde-treated ground soy flour (full-fat), the content 
of 18:2 of the rumen fluid had decreased by only 20% (Ackerson et al., 
1975). The 18:2 content of adipose tissue from lambs fed a diet 
supplemented with formaldehyde-treated ground soy flour was greater than 
that of lambs fed the ground soy flour without formaldehyde-treatment 
(Ackerson et al., 1976). Yu (1978) did not observe as much protection 
against in vitro biohydrogenation when ground full-fat soybeans were 
treated with formaldehyde. Yu (1978) attributed this lack of protection to 
too large of particle size of the ground soybeans. 
Several studies have been conducted to determine the effects of 
high-fat diets for sheep and cattle on sensory evaluation of the resulting 
lamb and beef. Ackerson et al. (1976) did not find any differences in a 
taste panel evaluation of lamb containing either 6 or 13% 18:2 (% of 
lipids) in ground loin. This finding is in contrast to those of Ford et 
al. (1975) and Ford et al. (1976) whose sensory panel found the taste of 
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lamb and beef that contained 20% 18:2 {% of lipids) to be sweet and oily. 
Dinius et al. (1974) also did not observe differences in results of taste 
panel evaluations with beef from cattle that had been abomasally infused 
with enough safflower oil to increase the 18:2 content of adipose tissue 
fourfold. 
Use of protected lipids as a research tool 
Formaldehyde treatment of oils and proteins has been used to study 
different aspects of lipid biochemistry in ruminants. Some examples 
include studies of the effects of unsaturated fats on the composition and 
position of fatty acids of milk triglycerides (Itorrison and Hawke, 1977a,b; 
Mills et al., 1976), adipose tissue triglycerides (Mills et al., 1975), 
phospholipids of sarcoplasmic reticulum (Newbold et al., 1973) and muscle 
(Kinoto et al., 1974). Hood (1980) used different sources of vegetable 
oils protected with formaldehyde to study the effects of fatty acid type on 
de novo lipogenesis in sheep. In another study conducted by îfood and 
Thornton (1976), formaldehyde-treated safflower oil was used to study the 
effect of anatomical location on deposition of exogenous lipid. An 
additional use of the formaldehyde-protected supplements has been to 
decrease the solubility of protein-nitrogen in the rumen, thereby enabling 
high quality proteins to bypass degradation in the rumen and improve the 
quality of absorbed amino acids (Nishimuta et al., 1973; Nishirauta et al., 
1974; Yu, 1978). 
The use of formaldehyde-treated protein-oil mixtures has been proven 
effective against rumen microbial hydrogénation of unsaturated fatty acids 
and against degradation of proteins in the rumen. Formaldehyde-treatment 
21 
of oils also is an attractive possibility because only a matter of weeks 
are required for unsaturated fatty acids to increase in adipose tissue. 
Use of Unprotected Oil and Oil Seeds to Increase the 
Unsaturated Fatty Acid Content of Ruminant 
Milk and Tissues 
When pigs are fed diets containing soybean oil, they will deposit fat 
that is rich in 18:2 (Jimenez et al., 1963). In ruminants, however, 
ruminai biohydrogenation substantially decreases the amount of 18:2 
available for absorption. High-fat diets that contain great amounts of 
polyunsaturated fatty acids, however, have been shown to affect the fatty 
acid composition of milk, lamb and beef. 
Supplemental unsaturated fats for dairy cows 
An increase in the output of 18:1 and 18:2 in lymph of the thoracic 
duct was observed in two lactating dairy cows after an oral dose of 430 g 
(average) of safflower oil (Wadsworth, 1968). Evidently, higher fat diets 
may afford some protection against complete biohydrogenation of unsaturated 
fats. In support of this conclusion, dairy cows that were fed diets 
containing 6% fat from supplemental whole sunflower seeds produced milk 
that contained greater amounts of 18:1 and 18:2 than did control cows 
(McGuffy and Schingoethe, 1982). Mielke and Schingoethe (1981) found the 
milk of cows fed supplemental full-fat soybeans to contain 31% more 13:2 
and 33% more 18:3 than did the milk of soybean meal-fed control cows. 
These changes occurred with concomitant decreases in 14:0 and smaller 
saturated acids in the milk-fat. Mielke and Schingoethe (1981) concluded 
that the amount of unsaturated fatty acids that were fed to these cows was 
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responsible for the greater bypass from biohydrogenation. Ttove and Mochrie 
(1963) also found some escape from biohydrogenation of full-fat soybeans 
when fed to lactating cows. Dairy cow rations supplemented with enough fat 
to provide either 5% dietary fat from raw soybeans (Perry and î4acleod, 
1968) or 6% dietary fat from either raw soybeans (PaLmquist and Conrad, 
1978) or whole sunflower seeds (Rafalowski and Park, 1982) resulted in 
increased concentrations of unsaturated fatty acids in the milk-fat. 
Supplemental unsaturated fats for sheep 
Numerous studies with sheep have shown that the content of unsaturated 
fatty acids in adipose tissue increases when sheep are fed diets 
supplemented with unsaturated fats. Acker son et al. (197,6) reported 
increases in 18:2 of 58, 102, 146 and 92% over that of controls in adipose 
tissue from the rump, shoulder, kidney and omentum, respectively, of sheep 
that had been fed a diet supplemented with full-fat soy flour containing 
4.5% fat. Also reported in this study by Ackerson et al. (1976) was 
increased 18:2 from 5.5 to 12.1% of the fatty acids of ground loin chops of 
the lambs. Sheep that were fed barley-based diets plus supplemental corn 
oil (Clarke et al., 1977) or sunflower oil (Gibney and L'Estrange, 1975) had 
up to threefold more 18:2 in adipose tissue than did unsupplemented 
controls. Both Lassiter (1968) and Field et al. (1978) reported increases 
in the content of unsaturated fatty acids in adipose tissue of sheep fed 
high-corn or corn plus corn oil diets. Sheep that were fed purified diets 
deposited more 18:1 and 18:2 than did sheep fed hay diets; this result was 
attributed to the high content of soluble carbohydrate in the purified diet 
(Tove and Matrone, 1962). The perirenal adipose tissue of sheep that had 
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been fed differing amounts of fiber (7 to 34%) plus 15% added corn oil had 
greater iodine numbers (Cameron and Hogue, 1968), which indicated greater 
concentrations of unsaturated acids in this adipose tissue. 
Supplemental unsaturated fats for beef cattle 
The effects of supplemental fat on bovine tissue fatty acid 
composition also have been reported. The cholesteryl ester and 
phospholipid fractions of serum lipids of cattle supplemented with tallow 
had more 18:1 and less 18:2 than did control cattle (Marchello et al., 
1971). Adipose tissue of cattle contained greater proportions of saturated 
fatty acids when the cattle were fed tallow-supplemented diets (Edwards et 
al., 1961; Church et al., 1967; Dryden and Marchello, 1973). In another 
study, however, cattle supplemented with 6% animal fat did not have a 
greater proportion of saturated fat in the adipose tissue (Dryden et al., 
1973). Cattle supplemented with 5% safflower oil had more 18:2 in the 
subcutaneous adipose tissue than did control cattle (Dryden et al., 1973). 
The 18:2 content of adipose tissue from steers fed a barley-based control 
diet or a diet supplemented with 5% of either rapeseed oil, sunflower seed 
oil or animal tallow did not differ (Roberts and I-fcKirdy, 1964) ; total 
unsaturated acid content, however, was greatest for the cattle fed the 
r ape seed-supplemented diet. The proportions of 18:2 and 18:3 in M. 
longissumus, M. triceps brachii and cardiac muscles were increased in 
cattle that were fed a diet supplemented with 6% safflower oil compared 
with controls (Dryden and Marchello, 1973). Clemens et al. (1974a) 
conducted a study in which cattle were fed gelatinized corn to defaunate 
the rumen. This treatment resulted in greater 18:2 and lesser 18:1 
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contents of serum lipids. The gelatinized corn plus 5% soybean oil did not 
increase the serum lipid content of 18:2. The fatty acid composition of 
subcutaneous adipose tissue indicated that the gelatinized corn did not 
cause an increase in 18:2 (Clemens et al., 1974b). Gelatinized corn plus 
5% soybean oil, however, did cause a significant increase in 18:2 content 
of this adipose tissue (Clemens et al., 1974b). Intramuscular 13:2 was 
fourfold greater in cattle fed diets supplemented with 5% soybean oil 
(Clemens et al., 1974b). 
Increasing the content of unsaturated fatty acids in milk and tissues 
of ruminants, therefore, can be done without formaldehyde-treatment of the 
fat, although the amount of increase is not as great for nonprotected oils. 
An encouraging feature of nonprotected lipid supplementation is that about 
6% dietary fat was shown to be effective in increasing the unsaturated 
fatty acid contents of lipids of milk and adipose tissue. As discussed 
previously, 6% dietary fat is within the acceptable range for diets of 
dairy and beef cattle. 
Other effects on bovine fatty acid composition 
In addition to diet, other factors have been reported to influence 
the fatty acid composition of bovine tissues. Among these factors are 
growth, season, sex, dietary energy and anatomical location. 
Effect of growth Results of growth trials with cattle revealed 
that the proportion of 18:1 in subcutaneous adipose tissue increases during 
growth (Waldman et al., 1968; Link et al., 1970a; Clemens et al., 1974b; 
Hecker et al.,.1975b). Also, Waldman et al. (1968) observed a negative 
correlation between the proportion of 18:1 in subcutaneous adipose tissue 
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and average daily gains in cattle. The proportion of 18:2 in subcutaneous 
adipose tissue also was shown to increase during growth in cattle (Link et 
al., 1970b; Dryden et al., 1973; Clemens et al., 1974b; Hecker et al., 
1975b). In contrast to this result, Waldman et al. (1958) and Terrell et 
al. (1959a) did not observe a change in 18:2 of adipose tissue during 
growth in cattle. 
Proportions of 18:2 of M. biceps femoris (Hecker et al., 1975b) and M. 
longissimus (Waldman et al., 1968; Link et al., 1970c) were shown to 
increase during growth in cattle. The lipids of blood serum, however, did 
not respond to growth in cattle with an altered fatty acid composition 
(Hecker et al., 1975b). In contrast, Clemens et al. (1974a) found that 
serum lipid proportions of 18:0 and 18:2 to increase and of 18:1 to 
decrease during growth. 
Effect of season Some of the changes in subcutaneous adipose 
tissue fatty acid composition observed during growth in cattle by Link et 
al. (1970b) were attributed to seasonal variation. During the cold winter 
months, 15:0 and 18:0 fatty acids were lower and 14:1 and 16:1 fatty acids 
were higher; the reverse occurred during the summer. Link et al. (1970c) 
found the proportion of saturated fatty acids of intramuscular lipid to be 
lowest during winter and highest during spring and early summer. Cramer 
and Marchello (1964) found the proportions of 18:0 and 18:1 in subcutaneous 
adipose tissue of lambs to peak in late fall and to decrease in winter, 
whereas little change occurred for 18:2. In another study, sheep that were 
exposed to an average temperature of 7 C for 3 months had more unsaturated 
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fatty acids in subcutaneous adipose tissue than did sheep housed in rooms 
maintained at 30 C during the same period of time. 
Effect of sex When the fatty acid compositions of adipose tissue 
from steers and heifers at the same body weights and ages were compared, 
steers had more 16:0 and 18:0 and heifers had more 18:1 in adipose tissue 
of the carcass (Waldman et al., 1958). In other studies of the sex effect 
on fatty acid composition, subcutaneous adipose tissue of heifers was shown 
to have more 14:1 and less 18:1 (Link et al., 1970b), whereas steers had 
more 18:2 (Link et al., 1970b), 18:0, 16:0, 14:0, and 10:0 (Terrell et al., 
1969a). Bulls were shown to have more 18:2 and less 18:1 fatty acids than 
steers in subcutaneous adipose tissue (Gillis and Eskin, 1973), while both 
bulls (Gillis and Eskin, 1973) and steers (Link et al., 1970c) had more 
18:2 in intramuscular lipid than did heifers. In sheep adipose tissue, 
ewes had greater iodine numbers and higher melting points than did rams 
(Cramer and Marchello, 1964). In their study, iodine numbers were 
influenced most by 18:1, which the ewes had more of, in addition to more of 
all major fatty acids of 16 and more carbons, regardless of degree of 
saturation. 
Effect of dietary energy The effect of concentrate- versus 
roughage-based diets on the fatty acid composition of adipose tissue has 
been reported for both sheep and cattle. In both species, high concentrate 
diets were associated with greater amounts of unsaturated acids in depot 
fats (sheep: Miller et al., 1967; Field et al., 1978; cattle: Cabezas et 
al., 1965; Rumsey et al., 1972; Westerling and Hedrick, 1979). Cabezas et 
al. (1965) suggested that the microfloral population in the rumen that 
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prevails when the animal is consuming high concentrate diets may be less 
active in biohydrogenation. 
Effect of anatomical location The fatty acid canposition of tissue 
lipids in different anatomical locations has received a great deal of 
attention. Generally, internal sites are more saturated than are external 
sites. The most important group of lipids from a human dietary point of 
view would have to be the intramuscular lipids because these are the lipids 
that are consumed by humans along with most fresh meat cuts. 
Table 1 shows typical fatty acid compositions reported for 
subcutaneous and perirenal adipose tissues of cattle. As shown in this 
table, subcutaneous and perirenal adipose tissues contain similar 
proportions of 14:0, 15:0, 16:0 and 17:0. Subcutaneous adipose tissue 
contains twice as much 16:1, half as much 18:0, 20% more 18:1 and slightly 
more 18:2 and 18:3 than does perirenal adipose tissue. Overall, the 
proportions of unsaturated fatty acids in subcutaneous and perirenal 
adipose tissues are 53.6% and 41.6% of weight of fatty acids, respectively. 
The difference in degree of saturation is thought to be the result of the 
slight average temperature difference between the internal sites 
(perirenal) and external sites (subcutaneous) (Marchello et al., 1967; 
Clemens et al., 1974b). Fatty acids of the most peripheral subcutaneous 
adipose tissues, such as that of ears or legs of cattle, may contain up to 
70% 18:1 (Christie, 1981). 
Fatty acid compositions of M. longissimus dorsi, M. semimembranosus 
and M. triceps brachii have been reported. Table 2 contains the relative 
proportions of the major fatty acids reported for these muscles. The 
Table 1. Fatty acid caiçjosition of subcutaneous and perirenal adipose 
tissue 
Adipose tissue 14:0^ '^  15:0°'^  16:0^ '^  16:1^ '^  
Subcutaneous 3.9 .59 27.9 5.6 
(2.7-6.3) (.5-.75) (24.2-32.2) (4.6-6.4) 
Perirenal 3.2 .88 27.1 2.4 
(2.5-4.9) (.88) (24.6-30.4) (1.5-3.8) 
Values are averages of iveight % of total fatty acids frcm eacii 
reference cited; the range of reported values is shown in parentheses 
for each fatty acid. 
R^eferences: subcutaneous—2,3,6,9,11,12,13,15/16; 
perirenal—2,3,6,10,11,15/16. 
"^ ferences; subcutaneous—9,12,13; 
perirenal—10,11,15,16. 
^^ ferences: subcutaneous—3,6,9,12,13,15; 
perirenal—10,11,15,16. 
R^eferences: subcutaneous—6,16; 
perirenal—6,10,16. 
L^iterature cited here and in subsequent tables corresponds to 
the reference numbers listed below. 
1. Homstein et al., 1961. 
2. Cabezas et al., 1965. 
3. Church et al., 1967. 
4. Terrell et al., 1967. 
5. Marciiello et al., 1968. 
6. Waldman et al., 1968. 
7. Dryden and Marchello, 1970. 
8. Marchello et al., 1971. 
9. Thrall and Cramer, 1971. 
10. Bœren et al., 1971. 
11. Dryden and Marchello, 1973. 
12. Gillis and Eskin, 1973. 
13. Hecker et al., 1975b. 
14. Clemens et al., 1974a. 
15. CleKens et al., 1974b. 
16. Garrett et al., 1976b. 
17. Skelley et al., 1978. 
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Fatty acids^  
17:0^ '^  18 18:1^ '^  18:2^ '^  18:3®'^  
1.6 11.7 44.6 2.2 1.2 
(1.2-2.1) ( 4.1-15.1) (40.7-49.6) (1.7-3.4) (.5-1.8) 
1.73 26.7 36.5 1.7 1.0 
(1.1-2.3) (18.0-29.0) (32.7-45.4) (1.4-1.8) (.6-1.4) 
Table 2. Fatty acid ccmposition of bovine muscle 
Fatty acid° 
Muscle 14:0^  15:0° . 16:0^  16:1^  
longissimus 3.3 .5 28.6 4.9 
dorsi (2.2-4.2) (.5-.6) (24.4-33.4) (3.9-6.8) 
Sammembranosus 3.3 .8 28.5 4.9 
(3.3) (.8) (28.5) (4.9) 
Triceps brachii 3.6 .6 28.5 5.8 
(3.6) (.6) (27.5-28.9) (5.0-7.8) 
Values are averages of weight % of total fatty acids frcm each 
reference cited; the range of reported values is shown in parentheses 
for each fatty acid. 
R^eferences: longissimus dorsi—1,4,5,6,7,9,11,12,13,15,16,17 ; 
semimembranosus—5,7 ; 
triceps brachii—4,5,7. 
R^eferences; longissimus—5,7,12,13; 
semimembranosus—5,7 ; 
triceps brachii—5,7. 
'^ ferences: longissimus—5,7,9,12,13,15,17; 
semimembranosus—5,7 ; 
triceps brachii—5,7. 
R^eferences: longissimus—1,4,6,16,17; 
triceps brachii—4. 
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Fat±y acid^  
17:0^  18:0^  18 zl'^  18:2^  18:3® 
1.4 14.0 42.1 3.3 1.4 
(.9-1.6) (6.2-17.1) (39.1-48.1) (1.0-5.2) (.3-3.4) 
1.5 15.0 41.1 3.1 
(1.5) (15.0) (41.1) (3.1) 
1.6 12.8 41.9 2.9 3.3 
(1.6) (8.1-15.2) (40.4-44.9) (2.8-3.1) (3.3) 
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relative proportions of the major fatty acids of total lipids in these 
three muscles are very similar. Compared with adipose tissue lipids, the 
fatty acid composition of muscle lipids is similar to those of subcutaneous 
adipose tissue, except for a slightly greater proportion of 18:2 in the 
muscle lipids. 
The fatty acid composition of serum lipids is markedly different frcm 
that of both skeletal muscle and adipose tissues, as illustrated in table 
3. Minor differences exist for the 14:0 to 17:0 fatty acids. The serum 
content of 18:0 is twice as great as that in subcutaneous adipose tissue 
but is similar to that in perirenal adipose tissue. The content of 18:1 in 
serum is about half that in muscle and adipose tissue, but the 18:2 content 
of serum is up to ten times greater than in muscle and adipose tissue. 
Table 4 illustrates the proportions of several major serum lipids. 
Most of the 18:2 fatty acids in serum are associated with the cholesteryl 
ester and phospholipid fractions. Hecker et al. (1975a) reported the 
following proportions for serum lipids fractions (% of total ser'um lipid of 
420 kg steers): cholesteryl esters, 49.95; phospholipid, 11.9; 
triglycerides, 10.8; free fatty acids, 7.99; cholesterol, 19.2. As 
discussed previously, the greater proportion of 18:2 of serum pliospholipids 
is the result of a slow turnover rate of this lipid, which is a means of 
conserving the small quantities of 18:2, an essential fatty acid, that are 
available for absorption in the small intestine of ruminants. 
Metabolism in Adipose Tissue of Ruminants 
Adipose tissue metabolism in ruminants is similar to that in some 
nonruminants in that lipogenesis occurs primarily in adipose tissue. 
Table 3. Fatty acid ccmposition of serum lipids 
Fatty acid^ '^  
14:0 15:0 16:0 16:1 
1.3 1.43 20.3 3.3 
(.4-1.9) (1.3-1.6) (19.8-21.2) (2.2-5.0) 
Values are averages of weight % of total fatty acids fran each 
reference cited; the range of reported values is shown in parentheses. 
R^eferences for all values—9,13,14. 
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Fatty acid^ '^  
17:0 18:0 18:1 18:2 
2.0 27.5 19.7 22.2 
(1.2-2.6) (25.1-34,0) (15.6-25.0) (19.5-27.0) 
Table 4. Fatty acid ccmposition of different serum lipids 
Fattrf acid^  
Serum lipid 14:0 15:0 16:0 16:1 
Cholesteryl ester 1.2 1.0 6.6 4.2 
Phospholipid 1.9 0.7 19.3 1.6 
Triglyceride 2.8 1.7 22.2 5.1 
Free fatty acid 1^ 1 1^ 0 20.2 3.5 
Values are weight % of total fatty acids. Reference—8. 
Fatty acid^  
17:0 .18:0 18:1 18:2 18:3 
0.1 0.5 6.8 70.4 2.4 
2.2 30.9 14.9 17.5 0.2 
1.8 33.3 24.1 6.1 0.3 
1.7 19.8 20.2 24.7 0.7 
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mobilization of stored triglycerides occurs in response to catecholamines 
and deposition of plasma triglyceride fatty acids is catalyzed by 
lipoprotein lipase (Vernon, 1981). A major difference in adipose tissue 
metabolism between ruminants and nonruminants is the source of precursors 
for de novo fatty acid synthesis. In ruminants, dietary carbohydrates are 
fermented to volatile fatty acids in the rumen; fermentation is extensive 
enough to allow for only 10% of the animal's glucose requirement to be met 
by absorbed glucose (Young, 1977). The major volatile fatty acid produced 
in the rumen is acetate (Church, 1976), which also is the major precursor 
for de novo fatty acid synthesis in ruminant adipose tissue (Ingle et al., 
1972a; Liepa et al., 1978; Robertson et al., 1981). 
Lipogenesis in adipose tissue 
In vitro incubations of adipose tissue slices have been used 
extensively to study lipogenesis. Pothoven et al. (1974) demonstrated that 
the fatty acid composition of long-chain fatty acids synthesized in vitro 
from acetate was similar to that found in vivo. This indicated that in 
vitro acetate conversion to long-chain fatty acids is a good model for in 
vivo lipogenesis. Results of in vitro lipogenesis studies have revealed 
some major contradictions to current dogma. Hanson and Ballard (1957) 
reported that the citrate cleavage pathway and, therefore, glucose was not 
quantitatively important to lipogenesis in ruminant adipose tissue, i^ bre 
recently, lactate has been shown to be an adequate precursor for fatty acid 
synthesis (Whitehurst et al., 1978; Prior and Jacobson, 1979; Whitehurst et 
al., 1978; (ihitehurst et al., 1981; Smith and Prior, 1981) and indicates a 
functional citrate cleavage pathway is necessary; this need has been 
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demonstrated (Prior et al., 1981; Smith and Prior, 1981). Lactate was 
shown to stimulate acetate conversion to long-chain fatty acids and acetate 
was shown to inhibit lactate conversion to fatty acids (Prior and Jacobson, 
1979). In vivo, there are adequate quantities of each for this interaction 
to exist (Prior and Jacobson, 1979). In vivo, the blood lactate 
concentration is usually less than 2 mM while in vitro studies have been 
conducted by using media containing as much as 100 mI4 lactate to measure 
its conversion to fatty acids (Vernon, 1981). AltixDugh lactate can serve 
as a precursor for de novo fatty acid synthesis in ruminant adipose tissue, 
the concentration of lactate in vivo is much less than that required for it 
to compete with acetate as a major precursor (Robertson et al., 1981). 
The conversion of acetate to long-chain fatty acids directly involves 
three major enzymes, acetyl CoA synthetase, acetyl CoA carboxylase and 
fatty acid synthetase (Vernon, 1981). Acetyl CoA synthetase is located in 
both the mitochondria and cytosol of adipocytes, but the cytosolic enzyme 
is the active one in fatty acid synthesis (Vernon, 1981). Presumably, the 
Km of acetyl CoA synthetase, .3 to .4 mM, is about half the normal plasma 
concentration of acetate. Therefore, the rate of acetyl CoA formation from 
acetate should vary with the plasma acetate concentration (Vernon, 1981). 
Acetyl CoA carboxylase is thought to be the rate limiting enzyme of 
ruminant fatty acid synthesis (Pothoven and Beitz, 1975). Because acetyl 
CoA carboxylase exists in either an inactive protomeric form or an active 
polymeric form, which is determined by the relative amounts of 
tricarboxylic acids (polymeric form), malonyl CoA and long-chain fatty acyl 
CoA esters (protomeric form), the type of media for in vitro studies and 
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the physiological state of the animal for in vivo studies must be 
considered when conducting assays of this enzyme (Vernon, 1981). 
Nfost of the reducing equivalents required for fatty acid synthesis in 
ruminants are generated by way of the pentose phosphate cycle and cytosolic 
NADP-isocitrate dehydrogenase (Vernon, 1981). The malate 
transhydrogenation cycle is not of major importance to NADPH production in 
adipose tissue (Bauman, 1975) or mammary tissue of ruminants (Baldwin et 
al., 1976). 
Dietary effects on ruminant lipogenesis 
Several dietary factors have been reported to affect fatty acid 
synthesis in ruminant adipose tissue. Among these are feed restriction, 
energy density of the diet and the amount of fat in the diet. 
Effect of feed restriction Feed restriction was shown to decrease 
in vitro rates of fatty acid synthesis in adipose tissue of growing beef 
cattle (Pothoven et al., 1975). The reduced supply of nutrients to the 
adipose tissue decreased the capacity for fatty acid synthesis. This 
effect of diet also was shown in fasted steers by Pothoven and Beitz 
(1975). In this study, acetyl CoA carboxylase activity virtually was 
eliminated by fasting and then restored by refeeding. Hood and Thornton 
(1980) also found the in vitro capacity for fatty acid synthesis to 
decrease in sheep after feed restriction, which also was restored after 
refeeding. 
Effect of dietary energy iVtost trials that were designed to study 
the relationship between the energy density of the diet and lipogenesis 
have shown little effect of diet. îtore precisely, adipose tissue from 
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cattle fed roughage or concentrate diets did not differ in their rates of 
acetate conversion to long-chain fatty acids (Prior, 1983; Smith et al., 
1984). Loveday and Dikeman (1980) found no effect of energy density of the 
diet on the activities of 6-phosphogluconate dehydrogenase, 
glucose-6-phosphate dehydrogenase or NADP-isocitrate dehydrogenase. 
Conversely, Smith et al. (1984) found concentrate-fed steers to have 
greater activities of acetyl CoA carboxylase, fatty acid synthetase, 
ATP-citrate lyase, NADP-malate dehydrogenase and hexokinase in adipose 
tissue than those in adipose tissue of roughage-fed steers. In sheep, the 
rates of acetate, lactate, and glucose conversion to long-chain fatty acids 
in adipose tissue were greatest for those fed high concentrate diets 
(Piperova and Pearce, 1982). Adipose tissue of these sheep also had 
greater activities of enzymes involved in lipogenesis. In ruminants, 
therefore, energy density of the diet does not have a great effect on in 
vitro rates of acetate conversion to long-chain fatty acids, but the 
activities of enzymes involved in lipogenesis may be affected. 
Effect of dietary fat In most animal species studied, excess 
dietary fat reduces the rate of fatty acid synthesis. In rats, reduced 
activities of lipogenic enzymes occur (Bazin and Lavau, 1982). 
Metabolically, the CoA esters of long-chain fatty acids will inhibit 
citrate translocation from the mitochondria, which would result in 
decreased NADPH production from the isocitrate dehydrogenase cycle and less 
activation of acetyl CoA carboxylase (Vernon, 1981). 
Not only does the amount of fat depress fatty acid synthesis, but the 
type of fat will affect it as well. In mice, the activity of lipogenic 
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enzymes in liver were depressed most by polyunsaturated fatty acids 
(Abraham et al., 1983). Pearce (1983) suggested that saturated fats have a 
more depressing effect on fatty acid synthesis in adipose tissue of pigs 
and rats. In steers, however, both saturated and unsaturated fats caused 
reduced lipogenic activity, although it was more sensitive to unsaturated 
fat (Pearce, 1983); a similar result was reported by Yang et al. (1973). 
Yang et al. (1978) found supplemental fat to decrease the activities of 
lipogenic enzymes in adipose tissue of both sheep and cattle. Rates of 
fatty acid synthesis in sheep that were fed diets supplemented witli 
protected sunflower oil or protected safflower oil, measured both in vivo 
and in vitro, were decreased (Hood, 1980). Sheep that were fed diets 
supplemented with either protected tallow or protected palm oil, however, 
did not have significantly reduced rates of fatty acid synthesis. Hood 
(1980), therefore, concluded that 18:2 was responsible for the reduced 
lipogenesis in sheep adipose tissue. In another sheep study, tallow- and 
corn oil-supplemented sheep had reduced rates of acetate conversion to 
long-chain fatty acids (Vernon, 1976). Also, acetyl CoA synthetase 
activity was decreased by supplementation with either protected or 
unprotected lipids (Vernon, 1976). Acetyl CoA carboxylase activity, 
however, was reduced to a lesser extent with protected tallow than with 
protected unsaturated oil (Vernon, 1976). 
The most consistent effect that dietary fat has on lipogenesis is the 
quantity of fat fed. There are inconsistent results regarding fatty acid 
synthesis and the type of fat, saturated versus unsaturated. The 
differences reported in the studies just discussed may be the result of 
differences in animal ages, stages of growth or general physiological 
states. 
Other factors affecting lipogenesis in ruminant adipose tissue 
Several other factors have been reported to affect lipogenesis in 
ruminant adipose tissue. Among those to be discussed are cell volume, 
animal growth and anatomical location. 
Effect of cell volume Fat cell volume was shown by Hood and Allen 
(1975) to be a major factor in the regulation of lipogenic enzyme 
activities in adipose tissue of cattle. Adipocyte volume and lipogenic 
capacity increased until a critical adipocyte size was attained; then as 
adipocyte volume increased further, lipogenic capacity decreased. Hood and 
Allen (1975) suggested that cytosolic water becomes limiting when fat cells 
are very large. In sheep, Broad et al. (1983) found lipogenesis to 
increase with cell volume only in perirenal adipose tissue. 
Effect of animal growth The increase in cell volume of adipocytes 
is associated with fattening and growth in cattle. In growing beef cattle, 
Pothoven et al. (1975) found the in vitro rate of acetate conversion to 
long-chain fatty acids to increase with body weight from 113 to 363 kg, but 
at 505 kg it decreased. In this study, conversion rates were expressed on 
a tissue weight basis; as adipocyte size increases, the number of fat cells 
per gram of tissue decreases (Hood and Allen, 1973). In Holstein steers, 
however, Pothoven and Beitz (1973) deserved in vitro rates of acetate 
conversion to long-chain fatty acids to decrease linearly with steer 
weight, from 278 to 528 kg, when the rates were expressed on both tissue 
weight- and cytosol-protein bases. Chakrabarty and Romans (1972) observed 
43 
greater rates of lipogenesis in adipose tissue of dairy cattle than in that 
of beef cattle. Trankina et al. (1984) found acetate conversion to 
long-chain fatty acids, per million cells, to decrease witli growth from 6 
to 18 months of age. Because of conflicting results, a definite conclusion 
regarding the effects of growth on lipogenesis in cattle is difficult to 
make. 
Effect of anatomical location The anatomical location of adipose 
tissue has been shown to affect lipogenesis. Whitehurst et al. (1981) 
reported rates of acetate conversion to long-chain fatty acids to be 
greatest in subcutaneous, intermediate in intermuscular, and least in 
intramuscular adipose tissues. The activity of acetyl CoA carboxylase was 
similar for subcutaneous and intermuscular adipose tissues, but was 
greatest for intramuscular adipose tissue (Whitehurst et al., 1981); 
activities of NM)PH-generating enzymes were least for intramuscular adipose 
tissue. Hood and Allen (1978) also found lipogenic activity to be greater 
in subcutaneous than in intramuscular adipose tissue. In cattle, lipogenic 
activity is greater in subcutaneous adipose tissue than in perirenal 
adipose tissue (Hood and Allen, 1973; Pothoven and Beitz, 1973; Pothoven et 
al., 1975; Loveday and Dikeman, 1980). In sheep, however, perirenal 
adipocytes were more active in in vitro lipogenesis than subcutaneous 
adipocytes (Broad et al., 1983). Also with sheep, in vivo conversion of 
acetate to long-chain fatty acids was greater in perirenal than 
subcutaneous adipose tissue (Ingle et al., 1972b). Ingle et al. (1972a) 
observed that, for both lambs and calves, lipogenesis in internal adipose 
tissue sites was greater than that in external sites; however, in sheep and 
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steers (age effect), the reverse was observed—greater lipogenesis for 
external than for internal sites. 
Deposition and mobilization of lipid in ruminants 
The triglycerides of plasma lipoproteins are the main source of 
exogenous fatty acids in adipose tissue (Vernon, 1981). Deposition of 
fatty acids from these triglycerides is catalyzed by lipoprotein lipase 
(Emery, 1979; Vernon, 1981). Lipoprotein lipase is synthesized in the 
adipocyte (Hausman et al., 1980) and, after translocation to the capillary, 
becomes attached to the capillary endothelium (Olivecrona and Bengtsson, 
1983) . 
The dietary effects on lipoprotein lipase activity in ruminants have 
not been studied extensively. Eight days of fasting was shown to 
significantly decrease lipoprotein lipase activity in steers (DiMarco et 
al., 1981). Lactating dairy cows that were switched from high roughage to 
high concentrate diets had increased lipoprotein lipase activities in their 
adipose tissue (Vernon, 1981). Beef cattle that were supplemented with 
enough protected tallow or soybean plus sunflower seed oil to provide 12% 
dietary fat had higher lipoprotein lipase activities than did cattle fed a 
control or a 7% dietary fat ration (Yang et al., 1978). 
Although lipid mobilization will not be included in the studies 
reported in this dissertation, a brief discussion on some of the factors 
affecting this process is appropriate to complete the discussion on adipose 
tissue metabolism. Lipolysis in ruminant adipose tissue occurs by the same 
mechanism as that found in nonruminants (Vernon, 1981). These mechanisms 
include hydrolysis of triacyIglycerol to diacylglycerol, through 
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hormone-sensitive lipase catalysis, followed by further lipase action to 
yield free fatty acids and glycerol. 
Lipolysis in ruminants has been studied both in vivo and in vitro. In 
vivo studies are more indirect (Vernon, 1981), because they use changes in 
blood free fatty acid concentrations to measure lipolysis. Most studies 
are conducted by using in vitro techniques and can be done with tissue 
slices or isolated adipocytes (Yang and Baldwin, 1973; Etherton et al., 
1977). Also, most in vitro techniques compare basal, or nonstimulated 
lipolysis, with stimulated lipolysis; stimulation of lipolysis is achieved 
by adding a catecholamine, usually epinephrine, to the incubation media and 
by measuring the amount of glycerol released into the media (Vernon, 1931). 
Catecholamines bind to beta-receptors on the fat cell membrane causing 
activation of adenylate cyclase, which catalyzes the conversion of 
adenosine triphosphate to cyclic adenosine monophosphate (cAMP); protein 
kinase interacts with cAI# to catalyze the conversion of inactive 
hormone-sensitive lipase to active hormone-sensitive lipase (Vernon, 1981). 
Theophylline, an inhibitor of cAI-lP degradation, was shown by Ether ton et 
al. (1977) to increase the in vitro rate of glycerol release in the 
presence of catecholamines. 
Several dietary factors have been studied regarding lipDlysis in 
ruminants. Prolonged fasting in steers resulted in an eightfold increase 
in the concentration of free fatty acids in plasma (Rule et al., 
submitted). In vitro rates of both basal and stimulated lipolysis 
decreased in adipose tissue of steers after feed intake was restricted 
(Pothoven et al., 1975). Because fasting and feed restriction would result 
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in virtual elimination of lipid accretion, the net effect would be 
mobilization of lipid stores. In vivo, plasma catecholamine concentrations 
of cattle did not increase after 4 d of fasting, but adipose cell 
sensitivity to catecholamines increased (Blum et al., 1982). Smith et al. 
(1984) did not observe a difference in either basal or stimulated in vitro 
lipolysis by adipose tissue of cattle fed either high concentrate or high 
roughage diets; the daily metabolizable energy intakes of cattle fed both 
diets were not different. The basal rate of in vitro lipolysis from cattle 
fed a diet that contained 12% fat from a protected soybean plus sunflower 
oil mixture was less than that from cattle fed the same supplement at 7% 
dietary fat (Yang et al., 1978); catecholamine-stimulated lipolysis was not 
affected by the high-fat diet. 
Lipolytic rates in cattle have been shown to increase with growth 
(Pothoven et al., 1975), length of time being fed (Smith et al., 1984) and 
age (Aprahamian et al., 1984). In these three studies, the cattle were 
offered their feed for ad libitum consumption, which suggests that the 
lipolytic rates increased with greater deposition of fat. Although this 
effect would be counterproductive with regard to fat deposition. Smith et 
al. (1984) observed the ratio of net fatty acids released to glycerol 
released to decrease as their cattle gained weight. Smith et al. (1984) 
suggested that, as their.cattle gained weight, there was more extensive 
re-esterification of fatty acids released during lipolysis. 
Conclusion 
Soybeans are used in the diets of cattle to provide supplementary 
protein. Because of the high-fat content of soybeans, supplementing the 
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diets of cattle with whole soybeans increases the energy density and 
protein content of the diet simultaneously. When whole soybeans have been 
incuded in cattle rations, resulting in a dietary fat content of 6 to 8%, 
few digestive problems have been reported to occur. A similar situation 
has been shown for other oil-seed supplements, such as sunflower seeds. 
Increasing the proportion of polyunsaturated fatty acids in the 
tissues of ruminants is difficult because of biohydrogenation of 
unsaturated fatty acids in the rumen by microorganisms. Protecting an 
oil-casein mixture with formaldehyde results in a product insoluble in the 
rumen (pH 6 to 7), but soluble in the abanasum (pH 2 to 3); the protected 
oil-casein mixture then is degraded, digested and absorbed post-ruminally. 
Substantial increases in the content of unsaturated fatty acids in the 
lipids of milk, adipose tissue, skeletal muscle and serum have been 
reported for ruminants fed diets supplemented with formaldehyde-protected 
oils. Lesser increases in the content of unsaturated oils in the lipids of 
milk, adipose tissue, muscle and serum have been reported for ruminants fed 
diets containing 6% or more of dietary unsaturated fat from soybeans or 
sunflower seeds. In addition to the type and amount of fat in the diet, 
growth and sex of the animal, season of the year, concentration of dietary 
energy and anatomical location of the adipose tissue have been reported to 
influence the composition of fatty acids in ruminants. 
Metabolism in adipose tissue of ruminants, namely lipogenesis, 
deposition and mobilization, utilizes pathways that are similar to those of 
nonruminants. The major difference is the principal precursor used for 
lipogenesis; acetate is used in ruminants, and glucose is used in most 
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nonruminants. Although acetate is the principal fatty acid precursor in 
ruminants, lactate, a common product of glucose metabolism, is a 
well-utilized precursor for long-chain fatty acids in vitro. Feed 
restriction and excess dietary fat have been shown to decrease lipogenic 
rates and capacities in ruminant adipose tissue. The concentration of 
dietary energy has more of an effect on lipogenic enzyme activities than on 
lipogenic rates. Fat cell volume, growth of the animal and anatomical 
location of the adipose tissue also affect lipogenesis in ruminants. 
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SECTION I. EFFECT OF DIETARY EXTRUDED SOYBEANS ON FATTY 
ACID COMPOSITION OF LIPIDS OF ADIPOSE TISSUE, BLOOD 
PLASMA, MUSCLE AND DUODENAL INGESTA IN CATTLE 
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ABSTRACT 
The effect of a soybean-supplemented high-energy diet on the fatty 
acid composition of lipids from subcutaneous and perirenal adipose tissues, 
skeletal muscle and plasma were determined in 18 Angus steers. Steers 
weighing about 309 kg were fed either a control diet or a diet containing 
14.3% extruded soybeans and 6% fat until they weighed 427 kg. A third 
group was fed the control diet for the first half of the experiment and the 
soybean-supplemented diet for the rest of the experiment. Samples of 
blood, muscle (M. trapezius) and subcutaneous adipose tissue were obtained 
at 309, 368 and 427 kg of body weight; the cattle were slaughtered at 474 
kg body weight and subcutaneous and perirenal adipose tissues, M. 
longissimus and blood were obtained. Subcutaneous adipose tissue taken at 
slaughter of all steers fed supplemental soybeans contained 24% more 18:2 
plus 18:3 than did that of steers fed the control diet. Supplemental 
soybeans also caused an increase in 18:3 in perirenal adipose tissue; 18:2 
only slightly increased in this tissue in response to dietary soybeans. 
The proportion of unsaturated fatty acids in perirenal adipose tissue of 
all treatments combined was 32% less than that in subcutaneous adipose 
tissue. The proportion of unsaturated fatty acids of lipids in M. 
trapezius only slightly increased with soybean supplementation, whereas 
that of M. longissimus was not affected. In response to supplemental 
soybeans, lipids of blood plasma contained a greater proportion of 18:2 and 
18:3 and concomitantly lesser 14:0, 15:0, 16:1 and 17:0. The proportion of 
total unsaturated fatty acids increased with time in all tissues studied, 
regardless of diet. The fatty acid composition of samples of duodenal 
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ingesta obtained from Holstein steers fed the control diet, the 
soybean-supplemented diet or a soybean-supplemented diet plus enough 
additional soybeans for a diet of 9% fat was similar. Duodenal contents of 
steers fed the soybean-supplemented diets, however, contained greater 
concentrations of fat, yet their intakes of feed were similar. This result 
supports the concept that feeding cattle extruded soybeans to raise the fat 
content of the diet to 6% increases the proportion of polyunsaturated fatty 
acids in adipose tissue and that this altered composition results from an 
increased amount rather than an increased proportion of polyunsaturated 
fatty acids being available for absorption. 
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INTRODUCTION 
The lipids of ruminant adipose tissue contain relatively large 
proportions of saturated fatty acids (Garrett et al., 1975), even though 
the fatty acids of typical ruminant feeds are mostly unsaturated (Palmquist 
and Jenkins, 1980). Microbial biohydrogenation in the rumen is responsible 
for the extensive saturation of feed lipids (Reiser, 1951). Formaldehyde 
treatment of polyunsaturated vegetable oil (Scott et al., 1970; Scott et 
al., 1971), however, greatly reduces the susceptibility of the oil to 
biohydrogenation in the rumen. Accordingly, consumption of 
formaldehyde-protected oils increases the unsaturated fatty acid content of 
1^  (Cook et al., 1970), veal (Wrenn et al., 1973) and beef (Garrett et 
al., 1975). 
Increasing the fat content of diets for dairy cows, even without 
formaldehyde treatment of the fat, resulted in an increase in unsaturated 
fatty acid content of milk (Mielke and Schingoethe, 1981; McGuffey and 
Schingoethe, 1982). Similarly, Àckerson et al. (1976) found that 
supplementing the diets of sheep with full-fat soy flour resulted in 
increased proportions of the lipids of rump, shoulder, kidney and omental 
adipose tissues. With beef cattle, Dryden et al. (1973) found that 
supplementation of beef cattle diets with safflower oil to a concentration 
of 5% increased 18:2 in subcutaneous adipose tissue. Therefore, research 
indicates that the polyunsaturated fatty acid content of milk and tissue 
can be increased by feeding diets supplemented with fats that are high in 
polyunsaturated fatty acids. 
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In addition to the amount of unsaturated fat in the diet, the energy 
density of the diet also influences the fatty acid composition of adipose 
tissue lipids of beef cattle (Cabezas et al., 1965; Rumsey et al., 1972; 
Westerling and Hedrick, 1979). A high concentrate diet seems to support a 
rumen microbial population that is less active in biohydroyenation of 
polyunsaturated fatty acids (Cabezas et al., 1965). 
The principal purpose of the present study was to determine the effect 
of supplementing a high concentrate diet with full-fat soybeans, enough to 
increase the dietary fat to 6%, on the fatty acid composition of lipids 
from adipose tissue, muscle and plasma. A secondary objective was to 
determine the extent of biohydrogenation in the rumen by comparing the 
fatty acid composition of lipids from the same diets and the resulting 
duodenal ingesta. 
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MATERIALS AND METHODS 
Experimental Design 
Eighteen purebred Angus steers weighing an average of 309 kg were 
divided on the basis of body weight into two groups of nine steers. Steers 
of each group then were allotted randomly to one of three dietary 
treatments. Each treatment was imposed on two open-air pens of three 
cattle each and consisted of 1) a control diet (C), 2) a diet supplemented 
with enough full-fat extruded soybeans to increase the fat content to ca. 
6% (S) and 3) the control diet fed for the first half of the experiment and 
then switched to the soybean-supplemented diet for the rest of the 
experiment (CS). Diet compositions are shown in table 1. Diets were fed 
until steers weighed an average of 474 kg. The allotment of cattle to 
diets was replicated by subdividing each treatment group into two groups of 
three "lightweight" and three "heavyweight" cattle. The heavyweight cattle 
weighed approximately 45 kg more than the lightweight cattle at initiation 
of the trial. This difference resulted in the heavyweight group attaining 
slaughter weight in November and the lightweight group in January. 
Biopsies of adipose tissue, muscle and blood were obtained from each 
steer at average weights of 309, 368 and 427 kg. Samples also were 
obtained at slaughter when the average body weight of steers was 474 kg. 
The steers allotted to the CS treatment, therefore, were fed the control 
diet during sampling times 1 and 2, and the soybean-supplemented diet 
during the last two sampling times. This CS treatment was imposed to 
determine the effect of length of time that steers were fed the 
soybean-supplemented diet. 
Table 1. Composition of experimental diets 
Diet 
Item^  Control High-fat 
Cracked com (lEN 4-02-931) , % 57.7 54,2 
Soybean meal (IFN 5-04-604), % 10.8 
Soybeans (IFN 5-04-610), %" — 14.3 
Molasses (IFN 4-04-696), % 2.2 2.2 
Com Silage (IFN 3-08-153), % 27.8 27.6 
Ground limestone (IFN 6-02-632), % .70 .70 
Dicalcium phosphate (IFN 6-01-080), % .15 .15 
Trace mineral salt, %° , .45 .45 
Vitamin and mineral mix, % .20 .20 
Crude protein, %® 12.9 13.1 
Ether extract, %  ^ 3.28 5.81 
Metabolizable energy. Meal/kg 3.01 3.03 
r^y-matter basis. 
E^xtruded soybeans supplied by Triple "F", Inc., Des Moines, lA. 
"^ Contained, as a %: NaCl, 98; MnSO., .28; MnO, .20; FeSO.'H^ O, .61; CuO, .04; CoCO,, .07; 
CadO^ )^ , .01; ZnO, .01. 
Contained: MnO, 5.70%; CuO, .84%; C0CO3, .02%; ZnO, 5.49%; Ca(I0^ )2, .12%; CaCOg, 16.5%; 
FeO, 1.49%; FeCOg, 2.41%; KCl, 10.4%; Rumensin-60, 13.1% menadione dimethylpyrimidinol 
bisulfite, .054%; cholecalciferol, 35.8 yg/g; retinyl acetate, .49 mg/g; dl-a-tocopherol acetate, 
.72 mg/g; carriers, 43.7%. 
D^etermined using procedures described in AOAC (1975). 
• f  
Calculated from NRC (197S) reported values for cracked com, soybean meal, soybeans, cane 
molasses and com silage. 
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Feeding and lyianagement 
All cattle were offered their diets and water for ad libitum 
consumption. The concentrates and corn silage were combined and fed in two 
equally sized portions at 0800 and 1500 h. Every 14 d, steers were weighed 
after an overnight stand without feed or water and, every 28 d, samples of 
each feed were obtained. At the end of the experiment, the individual feed 
samples were combined and analyzed for content of crude protein and ether 
extract (AOAC, 1965). At the beginning of the experiment and at 60-d 
intervals, each steer was implanted with Synovex-S^ . 
Tissue Sampling 
Biopsies 
Biopsies of subcutaneous adipose tissue and M. trapezius (2 to 3 g 
each) were obtained after lidocaine local anesthesia in an area of the 8th 
rib and approximately 10 cm from the midline of the back. The second 
biopsy was performed on the opposite side of each steer, and the third 
biopsy was done on the same side as the first but approximately 8 cm caudal 
to the first incision. After biopsy, steers were given an intramuscular 
injection of Combiotic^ . The adipose tissue and M. trapezius biopsies 
E^ach implant contained 200 mg progesterone and 20 mg estradiol 
benzoate. Syntex Agribusiness Inc., Des Moines, lA. 
C^ontained 200,000 U procaine penicillin G and 250 mg 
dehydrostreptomycin per ml. Pfizer, Inc., New York, NY. 
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were placed immediately into Ca+^ -free Krebs-Ringer bicarbonate buffer, pH 
7.4, and 37 C (Laser, 1951) until they could be stored at -20 C under 
nitrogen for later analyses. 
Jugular vein blood was collected by venipuncture into tubes that 
contained disodium ethylene diamine tetracetate as an anticoagulant (1.5 
mg/ml of blood) on each biopsy day and again 3 to 5 d before slaughter. 
Plasma was separated by centrifugation at 7,000 x g for 20 rain. 
Slaughter samples 
All cattle were slaughtered in the Iowa State University Meat 
Laboratory by stunning followed by exsanguination. As soon as possible 
after exsanguination, subcutaneous adipose tissue was dissected from an 
area about 8 cm caudal to the scar of the second biopsy incision and placed 
into Ca+2-free Krebs-Ringer bicarbonate buffer, pH 7.4, at 37 C (Laser, 
1961). Perirenal adipose tissue was sampled and placed into the same 
buffer. Adipose tissue samples then were stored at -20 C under nitrogen 
for later analyses. Four days after carcasses of each steer had hung in a 
room maintained at 4 C, a 4-cm thick cross-sectional cut of the M. 
longissimus was removed from the 11th rib section, wrapped to prevent 
evaporative losses and stored at -20 C for later analyses. 
Duodenal ingesta 
To study the extent of biohydrogenation of the fats in diets fed to 
the Angus steers, duodenal cannulas were installed into three Holstein 
steers at an average body weight of 124 kg (McGilliard, 1982). A 
Latin square design was employed such that the steers were fed sequentially 
each of these three diets for three weeks: the control diet (table 1), the 
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diet that contained 6% fat from supplemental soybeans (table 1) and a third 
diet that contained 9% fat from supplemental soybeans^ . Duodenal contents 
were collected from all steers 3 wk after each steer was fed each diet. At 
every collection, 500 ml of duodenal contents were obtained; collections 
were repeated 2 d later. Each sample was stored at -20 C under nitrogen 
for later analyses. At each collection time, samples of each concentrate 
and corn silage were obtained for later analyses of fatty acid composition. 
Lipid Analyses 
Preparation of samples 
A 4- X 4- X 10-cm core was removed from the center of each M. 
longissimus sample; each core was ground, mixed and lyophilized. Equal 
volumes of duodenal ingesta samples from each steer from each diet were 
combined and lyophilized; the feed samples obtained at each ingesta 
collection also were lyophilized. 
Lipids were extracted from duplicate samples of adipose tissue (.5 g), 
M. trapezius (2 g), M. longissimus (1 g dry matter), plasma (4 ml), 
duodenal ingesta (1 g dry matter) and feed (2 g dry matter) with 
chloroform:methanol;water (1:2:.8, v/v/v; Bligh and Dyer, 1959). Lipid 
extracts from M. trapezius and blood plsma from the three steers in each 
pen at each sampling time were pooled. 
E^xtruded soybeans replaced an equal weight of corn of the high-fat 
diet of table 1 to increase the dietary fat to 9%. 
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Composition of fatty acids 
Fatty acid methyl esters were prepared by incubating up to 100 my of 
each lipid residue in 3 ml of 14% boron trifluoride in methanol for 12 h at 
70 C (Metcalfe et al., 1961). The composition of the fatty acid methyl 
ester preparations was determined by using a Perkin-Elmer 900 gas 
chromatograph equipped with a 1.83 m long x .32 cm inside diameter metal 
column packed with 10% diethylene glycol succinate on 80/100 Supelcoport'^  
and a flame ionization detector. Injector temperature was 250 C, column 
temperature was 175 C and flow rate of carrier nitrogen was 20 ml/min. The 
weight percentage of each fatty acid was calculated directly with a 
Shimadzu C-RIB integrator. The identity of fatty acids was determined by 
comparing retention times with those of fatty acid methyl ester standards'^ . 
Statistical Analyses 
At each sampling time for subcutaneous adipose tissue and at the 
fourth sampling time for both perirenal adipose tissue and M. longissimus, 
the effects of dietary treatment on fatty acid composition was determined 
by analysis of variance for the randomized complete block, with weight 
groups serving as blocks (Steel and Torrie, 1960). At each sampling time 
for plasma and for sampling times 1 through 3 for M. trapezius, the effects 
of dietary treatment on fatty acid composition were determined by 
S^upelco, Inc., Bellefonte, PA. 
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analysis of variance for the conpletely randomized design (Steel and 
Torrie, 1960). For subcutaneous adipose tissue, the effect of sampling 
time was determined by analysis of variance for a split-plot in time 
design; main effect means for period were compared. For both plasma and M. 
trapezius, the effect of sampling time was determined by analysis of 
variance for the randomized complete block, with sampling time serving as 
blocks; main effect means for sampling time were compared. Fatty acid 
composition of subcutaneous and perirenal adipose tissue was compared by 
analysis of variance for the completely randomized design after pooling 
data across diets and slaughter groups (sampling time 4 only). The effect 
of diet on fatty acid composition of duodenal ingesta from Holstein steers 
was determined by analysis of variance for the Latin square design (Steel 
and Torrie, 1960). Duncan's multiple range test (Steel and Torrie, 1960) 
was used to locate differences at the .05 level of significance. All 
statistical analyses were conducted by using the Statistical Analysis 
System. 
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RESULTS AND DISCUSSION 
The major emphasis of this research was to determine the effect of 
increased dietary fat from supplemental full-fat soybeans on the fatty acid 
composition of lipids in adipose tissue, skeletal muscle and blood plasma 
of beef cattle during growth. Secondarily, fatty acid conpositions of 
feeds and duodenal ingesta of steers fed the experimental diets will be 
discussed. 
Fatty Acid Composition of Subcutaneous Adipose Tissue 
The effect of supplemental full-fat soybeans on composition of fatty 
acids from subcutaneous adipose tissue of growing cattle is presented in 
table 2. No differences in response to the three dietary treatments were 
observed (P>.05) at the first sampling time. Up to this time, all of the 
cattle had been fed the control diet, which would have precluded 
differences related to diet. In addition, no significant differences in 
fatty composition were observed in adipose tissue obtained at sampling time 
2. The content of 18:3 of cattle fed diet S, however, was 15.9% greater 
than that of cattle fed diet C (CS cattle had not been switched from diet C 
to diet S at this time). At sampling time 3, adipose tissue of S cattle 
had a greater (P<.05) proportion of 18:3 than did that of C cattle. The 
proportion of 18:3 of CS cattle was intermediate, but not different (P>.05) 
from that of either C or S cattle. Moreover, the proportion of 18:2 in the 
S cattle was 23% greater than that of the C cattle at time 3; this 
difference, however, was not statistically significant. At sampling time 4 
(slaughter), no significant differences between diets for fatty acid 
composition were observed. Steers of treatment S, however, had a 23% 
Table 2. Fatty acid caiposition of subcutaneous adipose tissue of steers fed the control or high-
fat diets 
Fatty acid^  
Treatment 14:0 15:0 16:0 16:1 17:0 18:0 18:1 18:2 18:3 
d^ C 4.58 1.90 30.0 5.76 
CS 4.55 1.97 29.3 5.23 
S 4.57 1.95 28.9 4.92 
SD® 
.76 .30 2.23 .68 
C 4.52 1.98 28.5 5.74 
CS 4.43 1.90 28.7 5.62 
S 4.67 1.92 29.3 5.15 
SD .85 .36 2.67 .92 
•Sampling Time=l--
1.27 13.0 39.2 2.44 .40 
1.23 14.7 39.0 2.33 .45 
1.50 14.9 38.6 2.70 .46 
.21 1.48 2.33 .63 .11 
Sampling Time=2-
1.30 
1.33 
1.25 
.33 
Sampling Time=3 
2.5 41.0 2.60 .44 
3.0 40.7 2.50 .44 
i.3 39.9 2.92 .51 
L.96 3.14 .60 .11 
-Sampling Time=4-
C 4.36 2.10 28.8 6.46 l.?2 10.8 41.7 2.88 .49 
CS 4.20 1.98 27.9 5.93 1.14 11.9 42.1 3.02 .53 
S 4.03 1.87 27.8 5.07 1.17 12.8 42.0 3.55 .64 
SD 
.65 .39 1.88 1.07 .24 1.53 2.16 .57 .09 
9 
f,g 
C 4.14 1.94 27.8 6.36 1.16 10.6 42.7 3.04 .54 
CS 3.85 1.97 26.7 5.60 1.00 10.4 43.4 3.57 .67 
S 4.08 2.33 27.5 6.43 1.07 9.80 43.5 3.75 .60 
SD 
.73 ,31 .95 .23 1.21 2.48 .63 .13 
Values are weight percentages of all fatty acids observed. 
G^=control diet fed throughout the experiment, CS=control diet fed during sampling times 1 and 
2 and then fed the soybean supplemented diet, beginning at an average body weight of 386 kg, 
during sampling times 3 and 4 and S=soybean supplemented diet fed throughout the experiment. 
S^ampling times: 1 occurred at an average body weight of 309 kg, 2 at 368 kg, 3 at 427 kg and 
4 at 474 kg. 
n^=5; approximately 4 after the start of the experiment one steer was removed frcm treatment 
C because of chronic respiratory illness. For both treatments CS and S, n=6. 
S^tandard deviation. 
'^%eans with different superscripts in columns within a sampling time differ (P<.05). 
m 
w 
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greater proportion of 18:2 and 11% more 18:3 than did C steers, and CS 
steers had a 11% greater proportion of 18:2 and 24% more 18:3 than did C 
steers. Diet had no effect on proportions of other fatty acids, although 
proportions of 16:0 and 18:0 tended to decrease and 18:1 to increase in 
response to the high-fat diet. A comparison of the proportion of total 
unsaturated fatty acids of subcutaneous adipose tissue obtained at the 
first sampling time and that at slaughter indicated that these fatty acids 
tended to increase with time being fed the soybean-supplemented diet: 
(time 1 vs. slaughter) C=47.8 vs. 52.6 wt %, CS=47.1 vs. 53.2 wt % and 
S=46.7 vs. 54.8 wt %. Likewise, Roberts and McKirdy (1964) found the 
proportion of unsaturated fatty acids to increase in perirenal adipose 
tissue of cattle that were fed diets supplemented with rapeseed oil. 
The effect of supplemental soybeans on fatty acid composition of 
subcutaneous adipose tissue observed in the present study were similar to 
those observed by both Dryden et al. (1973) and Dryden and Marchello 
(1973), who compared cattle fed diets containing 6% safflower oil with 
control cattle. The only diet-related differences observed by Dryden et 
al. (1973) were with the proportion of 18:2 and 18:3 fatty acids, which 
were greatest in the safflower oil-fed cattle. Dryden et al. (1973), 
however, observed diet-induced differences in 18:2 proportions of greater 
magnitude (up to 80%) than was observed in the present study (up to 23%). 
Similarly, subcutaneous adipose tissue of sheep fed a diet supplemented 
with full-fat soy flour had up to 102% nore 18:2 than did nonsupplemented 
control sheep (Ackerson et al., 1976). 
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Fatty Acid Composition of Perirenal Adipose 
Tissue 
The effect of diet on the fatty acid composition of perirenal adipose 
tissue is shown in table 3. Perirenal adipose tissue of both CS and S 
steers had a greater (P<.05) proportion of 18:3 than did that of C steers. 
Also, the proportion of 18:2 in this tissue was 37% greater for C3 and S 
steers than for C steers, but this difference was not statistically 
significant {P>.05). The increase in proportion of polyunsaturated fatty 
acids of soybean-supplemented cattle was countered by slight reductions 
(P>.05) in the proportions of 16:0 (5.3% less) and 17:0 (12% less) fatty 
acids. Roberts and McKirdy (1964) also found the proportion of 15:0 to 
decrease in perirenal adipose tissue of cattle fed rapeseed or sunflower 
seed oil. Similar to results of table 3, diets fed to cattle that 
contained 6% safflower oil resulted in an increased proportion of 18:2 in 
perirenal adipose tissue (Dryden and Marchello, 1973). Also, perirenal 
adipose tissue of steers fed a corn-based diet plus 5% soybean oil had a 
greater average proportion of 18:2 than did steers fed only the corn-based 
diet (Clemens et al., 1974b). 
Also shown in table 3 is a comparison of fatty acid composition of 
perirenal with subcutaneous adipose tissue. Compared with perirenal 
adipose tissue, the weight percentage of fatty acids of subcutaneous 
adipose tissue was greater for 15:0, 16:1, 18:1 and 18:3, and lesser for 
18:0. Overall subcutaneous adipose tissue had 53.4% by weight unsaturated 
acids, and perirenal adipose tissue had 40.5% unsaturated acids. 
Differences observed in fatty acid composition between subcutaneous and 
Table 3. Fatty acid ccmposition of jjerirenal adipose tissue—effect of diet and ccmparison with 
ccmposition of subcutaneous adipose tissue^  
Item 14:0 15:0 16:0 16:1 17:0 18:0 18:1 18:2 18:3 
Treatment^ : 
-p f 
C 3.92 .66 28.8 3.04 1.28 24.5 34.1 2.34 .37^  
CS 3.77 .95® 27.3 3.10 1.10 24.3 34.3 3.30 •51® 
S 3.80 .69®'^  27.4 2.87 1.19 25.6 33.8 3.12 .57 
.66 .20 1.71 .32 
CO H
 2.24 2.38 .75 o
 
CO
 
-Perirenal vs. Subcutaneous^ -
Tissue: 
SubcutîLiieous 4.02 2.09 27.3 6.12 1.07 10.2 43.2 3.48 .61 
Perirenal 3.82 .77 27.8 3.00 1.19 24.8 34.1 2.95 .49 
SD :66 ,292 1.94 JO^  .16 1.94^  2.27^  .74^  .12^  
because perirenal adipose tissue was obtained only at slaughter, the cŒtposition of this 
tissue was ccnçered with conposition of subcutaneous adipose tissue obtained at slaughter. 
Values are weight percentages of all values observed. 
'^ Treatments are descri±)ed in the text and in footnote a of table 2. 
S^tandard deviation. 
'^^ For treatment effect on perirenal adipose tissue, means with different superscripts differ 
(P<.05). 
Values computed by pooling data across treatments. 
tissues differ (P<. 05). 
T^issues differ (P<.01). 
T^issues differ (P<.001). 
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perirenal adipose tissues in the present study were similar in type and 
magnitude to those reported by Cabezas et al. (1955), VJaldman et al. 
(1968), Booren et al. (1973), Dryden and Marchello (1973) and Garrett et 
al. (1976). The lesser content of unsaturated fatty acids in perirenal 
adipose tissue has been attributed to the slightly higher average 
temperature of this adipose depot compared with that of subcutaneous 
adipose tissue (Marchello et al., 1967; Clemens et al., 1974b). 
Fatty Acid Composition of Blood Plasma 
The fatty acid composition of total lipids of blood plasma are shown 
in table 4. Blood plasma obtained at time 1 contained proportions of 18:3 
that were different (P<.05) for cattle allotted to the three dietary 
treatments. Because all of the cattle had been fed the same control diet 
up to this point, the reason for this difference is not known. 
At sampling time 2, S steers had proportions of 15:0 and 16:1 that 
were less (P<.05) than those of either C or CS steers. Also, S steers had 
lesser proportions of 14:0 and 17:0, but these differences were not 
significant. The proportion of 18:2 was greater for S steers than for C 
steers but not different than that of CS steers (P>.05) at time 2. 
Although the proportion of 18:3 was not significantly greater, S steers had 
23% more 18:3 than did either the C or CS steers at sampling time 2. At 
sampling time 3, proportions of 14:0, 15:0, 16:1 and 17:0 of CS cattle 
changed to proportions that were similar to those of the S cattle; by time 
3, the CS cattle had been switched from the control diet to the 
soybean-supplemented diet. Both S and CS steers had lesser (P<.05) 
proportions of 15:0 and greater (P<.05) proportions of 18:3 than did those 
Table 4. Patty acid cotposition of lipids of blood plasma of steers fed the control or high-fat 
diets 
Fatty acid^  
Treatment^'14:0 15:0 16:0 16:1 17:0 18:0 18:1 18:2 18:3 
Sanpling Time=l-
c 1.04 .68 13.9 2.45 1.08 22.1 10.9 38.6 
cs 1.25 .76 14.9 2.55 .98 22.0 10.8 38.0 
s 1.11 1.19 15.2 2.70 1.03 22.3 10.6 38.5 
SD .34 .51 1.1 .45 .10 1.1 1.61 4.84 
f C 1.30 .52f 13.8 2.30 
CS 1.20 13.4 2.30 
S .85 .35^ 13.1 1.75' 
SD .23 .06 .71 .14 
C 1.10 .49^ 13.9 2.20 
CS .83 .34g 14.6 1.80 
S .88 .33^ 13.8 1.70 
SD .28 .03 1.03 .20 
C 1.10 .43 14.0 2.24 
CS .81 .34 13.6 1.65 
S .85 .37 13.5 1.85 
SD .23 .06 .41 .23 
Sanpling TiineF=2 
f 1-20 
I 1.15 
^ .88 
.10 
Sampling Time=3 
1.06 20 
.83 21 
.86 23 
.20 1 
Sampling Time=4 
1.00 21 
.81 23 
.83 22 
.10 1 
.98^  
.04 
.9 9.96 40.5^  1.06 
.4 9.70 42.0^ '^  1.05 
1.8 7.45 45.6^  1.30 
.41 .86 1.30 .20 
1.4 9.27 43.2 .64^  
.8 9.25 41.5 1.25^  
.2 8.10 44.2 1.15 
.48 .55 2.18 .13 
.9 9.40 41.8 .61^  
.4 8.25 43.3 1.00^  
.5 9.05 43,0 1.20^  
.09 1.02 1.41 .10 
treatments are described in text and in footnote a of table 2. 
o^r each treatment n=2. 
V^alues are weight percentages of all fatty acids observed. 
S^ampling times are described in footnote c of table 2-
S^tandard deviation. 
f'^ fhjyjgans with different superscripts in columns within sampling times differ (P<.05). 
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of C steers. At time 4, the differences in values between treatments for 
14:0, 15:0, 16:1 and 17:0 were similar to those of time 3. For 18:2, the 
diet effect observed at time 2 was not observed at time 3. At time 4, 
however, CS and S steers had similar proportions of 18:2, and both were 
greater than 18:2 for C steers, although not significantly so. At times 3 
and 4, plasma lipids of S and CS steers had similar (P>.05) proportions of 
18:3 that were greater (P<.05) than those of C steers. Overall, the effect 
of supplemental full-fat soybeans on fatty acid composition of lipids from 
blood plasma was an increase in the proportion of 18:2 and 18:3 and 
concomitant decreases in 14:0, 15:0, 16:1 and 17:0. Others have shown 
similar responses to greater intakes of polyunsaturated fats by cattle. 
Feeding cattle a corn-based diet plus 5% corn oil resulted in greater 18:2 
and lesser 16:1 of serum lipids compared with unsupplemented controls 
(Clemens et al., 1974a) . Results similar to those observed in the present 
study also were observed for cattle fed safflower oil-supplemented diets, 
which resulted in lesser proportions of 14:0, 15:0, 16:1 and 17:0 and a 
greater proportion of 18:2 in serum triglycerides (Marchello et al., 1972). 
Fatty Acid Composition of Muscle Lipids 
The fatty acid composition of M. trapezius during times 1 through 3, 
and of M. longissimus during time 4 are shown in table 5. No significant 
differences were observed between diets within any sampling time. At time 
4, the fatty acid composition of M. longissimus was similar for all dietary 
treatments (P>.05). In contrast, Dryden and Marchello (1973) found the 
lipids of M. longissimus, M. triceps brachii and M. semimembranosus in 
cattle to have significantly greater proportions of 18:2 when their diets 
Table 5. Fatty acid cctnposition of muscle of steers fed the control or high-fat diets^  
Fatty acids^  
Treatment^  14:0 15:0 16:0 16:1 17:0 18:0 18:1 18:2 18:3 
-Sanpling Time=l^ -
c® 5.20 1.85 30.9 5.40 1.25 13.5 36.6 3.80 .34 
cs 4.85 2.10 31.0 5.60 1.05 13.3 37.6 2.70 .36 
s  4.95 2.40 30.6 5.65 1.35 12.8 38.1 2.55 .40 
SD  ^ .33 .28 .44 .45 .14 1.12 .34 1.12 .03 
C 4.80 1.90 30.0 6.65 
CS 4.65 1.90 30.3 6.00 
S 4.90 2.20 30.6 6,.05 
SD .27 .27 .41 .44 
C 4.65 2.35 29.7 6.60 
CS 5.15 2.30 30.4 6.20 
S 5.10 2.30 31.0 6.15 
SD .42 .61 1.34 .55 
C 4.18 1.15 26.6 4.28 
CS 4.17 1.14 26.9 4.12 
S 4.27 1.23 27.2 4.15 
SD .49 .27 1.43 .52 
Sanpling Time=2 
1.05 11.6 39.5 2.60 .38 
.96 12.6 39.2 2.60 .27 
1.08 11.8 38.5 3.30 .40 
.10 1.00 .52 .74 .06 
Sampling Time=3-
1.10 
.99 
.94 
.10 
Sampling Time=4 
.95 
.75 
.85 
.19 
10.5 40.6 2.45 .41 
11.4 39.2 2.70 .52 
11.4 38.7 2.80 .44 
1.40 
1 
1.39 .66 .05 
12.8 37.7 7.66 .57 
13.2 35.9 8.73 .64 
13.8 36.5 7.70 .79 
1.06 2.23 2.41 .26 
M^uscle=M. trapezius for sampling times 1 through 3 and M. longissimus for sampling time 4. 
V^alues are weight percentages of all fatty acids observed. 
"treatments are described in footnote a of table 2. 
S^anpling times are described in footnote c of table 2. 
®n=2 for C, CS and S at sampling times 1, 2 and 3. 
S^tandard deviation. 
n^=5 for C and n=6 for CS and S at saitpling time 4. 
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contained 6% safflower oil. Other than the study by Dryden and Marchello 
(1973) , no other data on the effects of dietary unsaturated fat on the 
composition of fatty acids of skeletal muscle lipids in cattle have been 
reported, with the exception of data from, studies on feeding cattle 
formaldehyde-treated lipids. For the steers slaughtered during the fall, 
the range of weight percentages of 18:2 was from 6.1 to 9.1% for S cattle 
and from 5.9 to 8.8% for C cattle. In contrast, the steers slaughtered 
during the winter had M. longissimus weight proportions of 18:2 that ranged 
from 5.2 to 12.6% for S cattle and from 7.2 to 8.0% for C cattle. Mien 
lipid percentage of the M. longissimus was regressed against the proportion 
of 18:2 in this tissue, a negative correlation was observed for the fall 
slaughter group (r=-.74, p=.04). For the winter slaughter group, a smaller 
and nonsignificant negative correlation was observed (r=-.29, p=.48). 
These results indicate that supplementation of high-energy diets with 
full-fat soybeans during cold winter months may result in deposition of 
greater quantities of dietary 18:2 in skeletal muscle. A similar 
observation was made by Link et al. (1970b) who found the proportion of 
unsaturated fatty acids of intramuscular lipids of beef to be greatest 
during the cold winter months. In adipose tissue of sheep, Marchello et 
al. (1967) also found the proportion of unsaturated fatty acids to be 
greatest when the sheep were exposed to colder ambient temperatures. 
Effect of Sampling Time on the Fatty Acid Composition of Lipids 
From Adipose Tissue, Muscle and Plasma 
The effect of sampling time on fatty acid composition of plasma and 
tissue lipids is shown in table 6. Sampling time was confounded with 
Table 6. Effect of sampling time on fatty acid conposition of lipids of subcutaneous adipose 
tissue, muscle and plasma*^  
Fatty acid^ 
Sampling times'^ 14:0 15:0 16:0 16:1 17:0 18:0 18:1 18:2 18:3 
-Adipose tissue-
1 
2 
3 
4 
SD 
4.56^  
::: 
4.02^  
.29 
1.95 
1.93 
1.98 
2.09 
.16 
29.4 
28.8' 
28.2' 
27.3^  
.78 
,g,h 
9,h 
5.27 
5.49 
5.78' 
6.12^ 
.62 
g,h 
g,h 
1 5.00 2,12 30.8 5.55, 
2 4.78 2.00 30.3 6.23 
3 4.97 2,32 30.3 6.32' 
SD .58 .62 1.32 .74 
1 
2 
3 
4 
SD 
1.13 
1.12 
.94 
.92 
.41 
.88 
.41 
h 14.7 13.4 
14.1 
13.7 
1.36 
1.92^  
.49 
1.33 
1.29 
1.17 
1.07 
.16 3 
-Muscle — 
l.Ol" 
.21 £ 
-Plasma — 
1.03^ '^  
1.08^ . 
.92^ '^  
.88 
.21 
38.9 
40.5 h,i 
9,h 
2.51" .44 
2.68" .47^  
3.16? .56: 
10.2^ 43.2^ 3.48^ .619 
.95 1.44 .33 .08 
13.2^ h 
12.0^' 
11.1^ 
37.4^ 
39.0" 
39.5^ 
3.02 
2.83 
2.65 
.36!} 
1.77 1.77 1.40 .11 
22.1 
22.0 
21.8 
22.6 
8.87" 
8.90 
38.6^ 
42.7^ 
43.0^ 
42.7^ 
1.28 
1.13 
1.01 
.94 
1.81 1.77 4.32 .49 
because relative changes in fatty acids over time were similar among treatments, data for 
each fatty acid was pooled across treatments. 
b. Sanpling times are described ;Ln footnote c of table 2. 
'Values are weight percentages of all fatty acids observed. 
"^ Standard deviation-
trapezius. 
Values for 14:0 and 18:3 were influenced scmewhat by diet but sampling times did not 
differ (P>.05). 
'^^ '^ '^ Means with different superscripts in columns within tissues differ (P<.05). 
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growth, age and length of time the steers were fed their diets; in the 
present study, however, these effects cannot be separated. For plasma 
lipids, changes in proportions of 14:0 and 18:3 over time were influenced 
slightly by diet. Changes in proportions of the rest of the fatty acids of 
plasma lipids, as well as the fatty acids of subcutaneous adipose tissue 
and M. trapezius, were similar for each treatment. Therefore, all values 
shown in table 6 were pooled across treatments. For subcutaneous adipose 
tissue, proportions of 14:0, 16:0 and 18:0 decreased (P<.05) and that of 
17:0 also decreased, but not significantly, with time fed the diets. 
Proportions of 16:1, 18:1, 18:2 and 18:3 in adipose tissue increased 
(P<.05) with time. Overall, as time progressed and steers grew, an 
increase from 47.1 to 53.4% in total percentage of unsaturated fatty acids 
was observed in subcutaneous adipose tissue. Hecker et al. (1975) showed 
that subcutaneous adipose tissue of cattle contained similar proportions of 
16:0 as they grew from 342 to 444 kg live weight. Also similar to the 
present study, Hecker et al» (1975) showed the proportions of 18:0 to 
decrease and 18:1 and 18:2 to increase in adipose tissue as cattle grew. 
Clemens et al. (1974b) also found proportions of 18:1 and 18:2 of 
subcutaneous adipose tissue to increase with growth in cattle. In otlier 
studies with cattle, (Link et al., 1970a; Dryden et al., 1973) and sheep 
(Cramer and Marchello, 1964; Marchello et al., 1967), growth also was 
associated with increased proportions of unsaturated fatty acids in 
subcutaneous adipose tissue. In contrast to results of the present study, 
Terrell et al. (1969) found only 10:0, 12:0 and 14:0 to change 
significantly in subcutaneous adipose tissue of cattle during growth. 
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Waldman et al. (1968) found that growth of cattle from 386 to 454 kg 
resulted in increased 18:1, while 18:2 and 18:3 decreased. 
The percentage of total unsaturated fatty acids in lipids of M. 
trapezius (table 6) increased from 47.5% at time 1 to 48.9% at time 3. 
From time 1 to time 3, the proportions of 16:1, 18:1 and 18:3 increased 
(P<.05) and those of 17:0 and 18:0 slightly decreased (P<.05). The 
proportion of 18:2 tended to decrease with time (P>.05). During growth in 
cattle from 342 to 444 kg body weight, Hecker et al. (1975) found the 
proportion of 16:1 in lipids from M. biceps femoris to decrease. Hecker et 
al. (1975) also found 18:2 to increase but without a change in the 
proportion of 17:0, 18:0 and 18:1. Waldman et al. (1968) and Link et al. 
(1970b) also found intramuscular lipids to increase in unsaturation during 
growth in cattle. 
The proportion of unsaturated fatty acids of plasma lipids (table 6) 
increased slightly from time 1 to time 4. Among the specific fatty acids, 
decreased proportions (P<,05) were observed for 15:0. 16:1, 17:0 and 18:1, 
whereas that of 18:2 increased (P<.05). Hecker et al. (1975) did not show 
these fatty acids to change in serum lipids of cattle during growth. 
Clemens et al. (1974a), however, found the proportions of 18:0 and 18:2 
fatty acids to increase and that of 18:1 to decrease in serum lipids of 
cattle during growth. 
The overall effect of time on fatty acid compositions of the tissues 
examined in the present study was a general increase in percentage of 
unsaturated fatty acids; for plasma lipids, however, the change was only 
slight. For adipose tissue and muscle lipids, increases in all unsaturated 
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fatty acids were observed; these increases were associated with decreases 
of mainly 18:0. Plasma lipids slightly increased in unsaturation with time 
because of increased 18:2. This change occurred with conconitant decreases 
in the proportions of 15:0, 16:1, 18:1 and 18:3, whereas 18:0 changed very 
little with time. 
Fatty Acid Composition of Duodenal Ingesta 
The fatty acid compositions of diets C and S, of diet S plus enough 
additional full-fat soybeans for 9% dietary fat and of duodenal ingesta are 
shown in table 7. As expected, the lipids of these three diets contained 
similar proportions of fatty acids. Analysis of the lipids extracted from 
duodenal ingesta revealed only minor differences from diet in fatty acid 
composition. Duodenal ingesta of steers fed the control diet had greater 
(P<.05) proportions of 14:0 and 15:0 fatty acids than did the steers fed 
the soybean-supplemented diets. Duodenal ingesta of the 
soybean-supplemented steers fed the 6% fat diet had greater (P<.05) 
proportions of 14:0 and 16:0 than did that of steers fed the 9% fat diet. 
There were no differences (P>.05) in proportions of polyunsaturated fatty 
acids in lipids of duodenal ingesta. It seems, therefore, that the 
polyunsaturated fatty acids of high-fat diets are hydrogenated in similar 
proportions but not necessarily in similar amounts as are tliose of 
conventional diets. With increasing fat in the diets, consumption of total 
lipid increased because daily consumption of each diet was similar and 
averaged 6.4 kg per d. Ether extracts of duodenal contents were 13.0, 18.1 
and 20.9% for diets C, S and S (9% fat), respectively. Although the 
proportions of unsaturated fatty acids were the same for duodenal contents 
Table 7. Fatty acid ccîiposition of experimental diets and duodenal ingesta of Holstein steers 
fed the experimental diets 
Fatty acid^  
Item 14:0 15:0 16:0 16:1 17:0 18:0 18:1 18:2 18:3 
Diet^ : 
C .12 .03 12.5 .45 .18 2.70 19.9 55.1 5.74 
S, 6% fat .12 .03 12,9 .37 .18 3.29 21.7 54.5 6.17 
S, 9% fat .11 .03 11.8 .23 .15 3.80 23.7 53.2 6.49 
Duodenal ingesta 
C 
S, 6% fat 
S, 9% fat 
SD^  
Values are weight percentage of all fatty acids observed. 
D^iets: C=control; S, 6%=soybeans added to provide 6% dietary fat; S, 9%=so^ jt)eans added to 
c 
.86® .46® 12.8 ' .85 .86 56.7 19.1 5.31 .97 
.51^  .23^  13.1® .51 .48 58.8 17.7 5.52 .78 
.25^  .12^  12.2^  .49 .62 52.6 24.1 6.16 .60 
.05 .07 .23 .17 .33 2.26 2.32 CD
 
W
 o
 
1—1 
provide 9% dietary fat. 
*TDuodenal ingesta of steers fed the respective diets. 
S^tandard deviation. 
'^^ Means with different superscripts in columns differ (P<.05). 
80 
of each diet, the duodenal contents of steers fed the diets that contained 
greater concentrations of fat contained more fatty acids. This would 
indicate a greater quantity of unsaturated fatty acids became available for 
absorption by the small intestine each day. 
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SECTION II. EFFECTS OF DIETARY EXTRUDED SOYBEANS 
ON LIPID METABOLISM IN ADIPOSE TISSUE AND 
CONCENTRATIONS OF PLASMA LIPIDS DURING 
GRŒfTH IN BEEF CATTLE 
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ABSTRACT 
The effect of supplementing a high-energy finishing diet with full-fat 
extruded soybeans, enough for 6% dietary fat, on in vitro fatty acid 
synthesis and lipoprotein lipase activity in adipose tissue and plasma 
lipid concentrations were determined in beef steers during growth from 309 
to 474 kg body weight. Soybean supplementation caused no change in the 
rate of acetate conversion to either fatty acids or CO2 during the entire 
feeding period except at slaughter when acetate conversion to fatty acids 
in both subcutaneous and perirenal adipose tissues tended to be less for 
soybean-supplemented steers. Also at slaughter, adipose tissue of steers 
fed the control diet had greater lipoprotein lipase activity than did that 
of soybean-supplemented steers. Concentrations of total plasma cholesterol 
and LDL-cholesterol were greater for steers fed supplemental soybeans. 
Concentrations of HDL-cholesterol and urea nitrogen were not affected by 
diet. No consistent effect of diet on triglyceride concentrations were 
observed. Over time, averages of acetate conversion to both fatty acids 
and CO2 decreased, whereas average lipoprotein lipase activity of 
subcutaneous adipose tissue did not change. Total plasma cholesterol and 
LDL-cholesterol increased with time. Concentrations of HDL-cholesterol and 
urea nitrogen were greatest at slaughter. Therefore, supplementation of 
high-energy finishing diets with enough full-fat soybeans to provide 6% 
dietary fat affects lipid synthesis only minimally and decreases 
lipoprotein lipase activity in adipose tissue of cattle, whereas plasma 
total and LDL-cholesterol but not HDL-cholesterol or triglyceride 
concentrations are increased. 
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IKirRODUCTION 
Feeding diets to cattle that contain 6% safflower oil increases the 
content of unsaturated fatty acids of lipids in beef (Dryden and Marchello, 
1973). Moreover, high-fat diets for cattle depress fatty acid synthesis in 
adipose tissue. By using dietary lipids protected from biohydrogenation in 
the rumen of sheep by treatment with formaldehyde, Hood (1980) demonstrated 
that unsaturated lipids depress in vitro fatty acid synthesis in adipose 
tissue to a greater extent than do more saturated lipids. Yang et al. 
(1978a) observed a similar effect of formaldehyde-treated dietary 
unsaturated fatty acids on in vitro fatty acid synthesis in adipose tissue 
from cattle. Therefore, the anount and type of dietary fat can influence 
the capacity of ruminant adipose tissue to synthesize fatty acids. 
The activity of lipoprotein lipase in adipose tissue of rats 
increases with greater intakes of dietary fat (Pawar and Tidwell, 1963). 
When corn oil was compared with lard as the source of dietary fat, corn oil 
caused a greater increase in lipoprotein lipase activity of adipose tissue 
of these rats. Likewise, lipoprotein lipase activity in adipose tissue of 
cattle was greater with diets that contained 10% fonnaldehyde-treated fat 
than with diets that contained 6% formaldehyde-treated fat, regardless of 
whether the fat was tallow or a mixture of whole soybeans plus sunflower 
seeds (Yang et al., 1978a). Lipoprotein lipase activity of adipose issue 
of cattle, therefore, is influenced by the amount but not the type of 
dietary fat. 
Dietary full-fat soybeans, not treated with formaldehyde, increase the 
content of polyunsaturated fatty acids in milk (Mielke and Schingoethe, 
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1981) and lamb (Ackerson et al., 1976). Lipid syntliesis and oxidative 
capacity in adipose tissue of cattle fed diets supplemented with fat from 
full-fat soybeans, however, have not been examined. The purpose of the 
present study, therefore, was to determine the effect of supplementing a 
high-energy finishing diet with full-fat soybeans, enough to increase the 
dietary fat to 6%, on in vitro lipogenesis and lipoprotein lipase activity 
in adipose tissue and concentrations of lipids in blood plasma of cattle 
during growth. 
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MATERIALS AND METHODS 
Experimental Design 
Eighteen purebred Angus steers weighing an average of 309 kg were 
divided on the basis of body weight into two groups of nine steers. Steers 
of each group then were allotted randomly to one of three dietary 
treatments. Each treatment was imposed on two open-air pens of three 
cattle each. The three treatments were 1) a control diet (C), 2) a diet 
supplemented with enough full-fat extruded soybeans to increase the fat 
content to ca. 6% (S) and 3) the control diet fed for the first half of the 
experiment and then switched to the soybean-supplemented diet for the rest 
of the experiment (CS). All diets were fed until the steers weighed an 
average of 474 kg. The compositions of the diets are shown in table 1. 
Biopsies of adipose tissue and blood were obtained from each steer 
when they weighed an average of 309, 368 and 427 kg. Samples also were 
obtained at slaughter when the average body weight of steers was 474 kg. 
The cattle allotted to the CS treatment, therefore, were fed the control 
diet during sampling times 1 and 2 and the soybean-supplemented diet during 
the last two sampling times. This CS treatment was imposed to determine 
the effect of length of time that cattle were fed the soybean-supplemented 
diet. 
Feeding and Management 
All cattle were offered their diets for ad libitum consumption. The 
concentrates and corn silage were combined and fed in two equally sized 
portions at 0800 and 1500 h. Every 14 d, steers were weighed, and samples 
of each feed were obtained. At the end of the experiment, the feed samples 
Table 1. Ccanposition of experimental diets 
Diet 
Itan^  Control High-fat 
Cracked com (IFN 4-02-931) , % 57.7 54.2 
Soybean meal (IFN 5-04-604), % 10.8 
Soybeans (IFN 5-04-610), — 14,3 
Molasses (IFN 4-04-696), % 2.2 2.2 
Com Silage (IFN 3-08-153), % 27.8 27.6 
Ground limestone (IFN 6-02-632), % .70 • .70 
Dicalcium phosphate (IFN 6-01-080), % .15 .15 
Trace mineral salt, . .45 .45 
Vitamin and mineral mix, % .20 .20 
Crude protein, 12.9 13.1 
Ether extract, %  ^ 3.28 . 5.81 
Metabolizable energy, Mcal/kq 3.01 3.03 TO 
r^y-matter basis. 
E^xtruded soybeans supplied by Triple "F", Inc., Des Moines, lA. 
'^ Contained, as a %: NaCl, 98; MnSO., .28; MnO, .20; FeSO.'H«0, .61; CuO, .04; CoCO,, .07; 
CailO^ )^ , .01; ZnO, .01. 
C^ontained: MnO, 5.70%; CuO, .84%; C0CO3, .02%; ZnO, 5.49%; Ca(I0i;)2, .12%; CaCOg, 16.5%; 
FeO, 1.49%; FeC03, 2.41%; KCl, 10.4%; Rumensin-60, 13.1% menadione dimethylpyrimidinol 
bisulfite, .054%; cholecalciferol, 35.8 ug/g; retinyl acetate, .49 mg/g; dl-a-tocopherol acetate, 
.72 mg/g; carriers, 43.7%. 
D^etermined using procedures described in AOAC (1975). 
C^alculated from NRC (1976) reported values for cracked com, soybean meal, soybeans, cane 
molasses and com silage. 
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were combined and analyzed for contents of crude protein and ether extract 
(AOAC, 1965). At the beginning of the experiment and at 60-d intervals, 
each steer was implanted with Synovex-S^ . 
Tissue Sampling 
Biopsies 
Biopsies of adipose tissue (2 to 3 g) were obtained after lidocaine 
local anesthesia in an area of the 8th rib and approximately 10 cm from the 
midline of the back. The second biopsy was performed on the opposite side 
of each steer, and the third biopsy was done on the same side as the first 
but approximately 8 cm caudal to the first incision. After biopsy, steers 
were given an intramuscular injection of Combiotic^ . Adipose tissue 
biopsies were placed immediately into a thermos that contained Ca+^ -free 
Krebs-Ringer bicarbonate buffer, pH 7.4, at 37 C (Laser, 1961) and taken to 
the laboratory. 
Jugular vein blood was collected by venipuncture into tubes that 
contained disodium ethylene diamine tetraacetate (EDTA) as an anticoagulant 
E^ach implant contained 200 mg progesterone and 20 mg estradiol 
benzoate. Syntax Agribusiness Inc., Des Moines, lA. 
C^ontained 200,000 U procaine penicillin G and 250 mg 
dehydrostreptomycin per ml. Pfizer, Inc., New York, NY. 
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(1.5 mg/ral of blood) on each biopsy day and again 3 to 5 d before 
slaughter. Plasma was separated by centrifugation at 7,000 x g for 20 min. 
Slaughter samples 
All cattle were slaughtered in the Iowa State University Meat 
Laboratory by stunning followed by exsanguination. As soon as possible 
after exsanguination, subcutaneous adipose tissue was dissected from an 
area about 8 cm caudal to the scar of the second biopsy incision and placed 
in a thermos that contained Ca+^ -free Krebs-Ringer bicarbonate buffer, pH 
7.4, at 37 C (Laser, 1961) and taken to the laboratory. Perirenal adipose 
tissue was sampled and placed into the same buffer. 
Assays of Metabolism 
Samples of adipose tissue obtained by biopsy or at slaughter were 
stored in Ca+2-free Krebs-Ringer bicarbonate buffer, pH 7.4, at 37 C 
(Laser, 1961) for up to 15 min before beginning the metabolic assays. 
Lipogenesis 
Samples of adipose tissue weighing approximately 100 mg were incubated 
in triplicate at 37 C for 2 h in 3 ml of Ca+^ -free Krebs-Ringer bicarbonate 
buffer, pH 7.4 (Laser, 1961). The incubation media contained 1 yCi of 
l-l^ C-acetate (New England Nuclear Corp., Boston, MA), 25 mM sodium acetate 
and 5 mM glucose. Incubations were conducted in siliconized 20-ml vials 
sealed with rubber septa after being flushed with 95% 02:5% CO2. 
Metabolism in tissue was terminated and carbon dioxide was liberated 
from the media by addition of .5 ml of 1.5 N H2SO4. Carbon dioxide was 
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collected onto filter paper saturated with .1 ml of 30% NaOH during 30 min 
of incubation at 37 C after acidification. Radioactivity on the filter 
paper was assayed by using a Beckman LS-800Û liquid scintillation 
spectrophotometer (Pothoven and Beitz, 1973). 
After CO2 collection, incubation media plus tissue and 13.2 ml of 1:2 
chloroform:methanol (v:v) as a rinse were transferred to screw-cap tubes so 
that final volumetric ratio of chloroformzmethanol:water was 1:2:0.3 (Bligh 
and Dyer, 1959). The mixture was homogenized with a Polytron homogenizer 
(Brinkman Instruments, Westbury, NY), and an additional 2.3 ml of 1:2:0.3 
chloroform:methanol:water as a rinse was added. -The.lipid extracts then 
were washed by using the procedure described by Folch et al. (1957), 
evaporated to dryness and dissolved in 10 ml of scintillation cocktail 
(Beckman Readysolv™) for determination of radioactivity by liquid 
scintillation counting. 
Lipoprotein lipase 
Lipoprotein lipase activity was assayed in samples of subcutaneous 
adipose taken at the first biopsy and at slaughter. One-g samples of 
adipose tissue were homogenized in 4 ml of a .25 mM sucrose plus 1 mM EDTA 
solution at pH 7.4 and 37 C. The homogenates then were centrifuged at 
15,000 X £ for 15 min at 4 C. The aqueous infranatant layer was removed, 
and .25 ml were incubated for 0 and 60 min with .25 ml of a triolein 
emulsion as described by Hietanen and Greenwood (1977). Heat-treated calf 
serum was substituted for human serum as the source of apolipoprotein CII. 
The incubation mixture was put on ice to stop the reaction. Fatty acid 
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concentrations in media were determined enzyraatically as described by 
Woollett et al. (1984). 
Adipose tissue cellularity 
Samples of each adipose tissue weighing approximately 100 mg were 
fixed in 5 ml of 3% osmium tetroxide in 50 mM collidine hydrochloride 
buffer, pH 7.4 (Hirsch and Gallian, 1968). Fat cells were prepared for 
number determinations as described by Etherton et al. (1977). Cell numbers 
were determined by using a Coulter Counter Model Zg (Coulter Electronics, 
Hialeah, FL). 
Plasma Lipid and Urea Nitrogen Analyses 
Plasma lipoprotein fractions were isolated by preparative 
ultracentrifugation (Havel et al., 1955) by using a Beckman L8-7Û 
ultracentrifuge (Beckman Instruments, Fullerton, CA). Enzymatic assays 
were used to determine the concentration of cholesterol in plasma, 
low-density lipoproteins (LDL; 1.006<d<1.06) and high-density lipoproteins 
(HDL; 1.06<d<1.21) (Centrifichem Test for quantitative determination of 
-eheiesfeersl-r^ JnioB-Garbide-GGEpT7-^ 'a-,-4®i-^ AllaiJV-et--aL.-,-JL974|-^ nd_of 
triglycerides in plasma, (Sigma procedure for quantitative determination of 
triglycerides, Sigma Diagnostics, St. Louis, ND; Bucolo and David, 1973). 
Plasma urea nitrogen was assayed as described by Fawcett and Scott (1960) 
to determine the effects of supplemental fat on utilization of amino acids 
by cattle. 
Statistical Analyses 
The effect of diet within each sampling period was determined by 
analysis of variance for the randomized complete block, with weight groups 
94 
serving as blocks (Steel and Torrie, 1960). The effect of sampling period 
was determined by analysis of variance for the split plot in time, with 
main effect means for periods being compared (Steel and Torrie, 1960). 
Duncan's multiple range test (Steel and Torrie, 1960) was used to locate 
differences at the .05 level of significance. All statistical analyses 
were conducted by using the Statistical Analysis System (SAS, 1982). 
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RESULTS AND DISCUSSION 
Adipose Tissue Metabolism 
The effects of diet on in vitro acetate conversion to fatty acids and 
CO2 and on lipoprotein lipase activity in subcutaneous adipose tissue are 
shown in table 2. Overall, supplemental extruded soybeans caused no change 
(P>.05) in rates of acetate conversion to fatty acids at any of the 
sampling times. As length of time being fed the soybean-supplemented diet 
increased, a tendency for decreased fatty acid synthesis was observed 
because, at sampling time 4, the average rate of acetate conversion to 
fatty acids for CS plus S steers was 18.5% less (P>.05) on a tissue-weight 
basis and 28% less (P<.05) on a cellular basis than for that of C steers. 
Yang et al. (1978a) also observed reductions in activities of several 
lipogenic enzymes in adipose tissue of steers and lambs fed diets 
supplemented with dietary fat. 
Acetate conversion to CO2 also was not affected by diet at any 
sampling time (P>.05). Unlike that for fatty acid synthesis at time 4, no 
tendency towards reduced CO2 production from acetate in adipose tissue of 
CS or S steers was observed. 
For all steers fed supplemental soybeans the average activity of 
lipoprotein lipase per mg of subcutaneous adipose tissue at time 4 was 41% 
less (P>.05) than that for steers fed only the control diet. l)hen 
expressed on a cellular basis, however, lipoprotein lipase activity in 
subcutaneous adipose tissue of C steers was similar to that of S steers but 
was 37% greater than that of CS steers; as indicated by the large standard 
deviation, variation was great enough to preclude statistical significance. 
Table 2. In vitro acetate conversion to fatty acids and CO2 and lipoprotein lipase activity 
in subcutaneous adipose tissue of steers fed the control or high-fat diets 
Variable 
Treatment*^  
Fatty acid 
synthesis, 
per mqb 
CO2 production, 
per mg^  
Fatty acid 
synthesis, 
CO2 
production 
per 10 cells per 10^  cells 
LPL 
activit 
per 
d y, 
mq" 
LPL 
activity, , 
per 10^  cells 
C 
CS 
S 
SD-
C 
CS 
S 
SD 
C 
CS 
S 
SD 
C 
CS 
S 
SD 
5.37 
5.38 
5.37 
2.39 
4.83 
4.75 
4.55 
1.84 
1.43 
1.55 
1.48 
.52 
1.11 
.88 
.93 
.25 
.40 
.36 
.37 
.11 
.41 
.39 
.32 
.19 
.27 
.22 
.23 
.17 
.15 
.13 
.19 
.08  
-Sanpling Time=l 
1,521 
1,680 
1,549 
122 
123 
113 
658 36.7 
—Saiipling Time=2 
1,342 
1,166 
1,189 
113 
89.8 
79.8 
443 45.6 
—Saiiç>ling Tinie=3 
494 
561 
589 
139 
76.9 
89.3 
197 70.1 
—Sampling Time=4 
619 
491 
397 
183 
78.9 
75.3 
111 
63.0 
1.01 
1.22 
.95 
.37 
1.49 
.81 
.95 
.65 
317 
422 
303 
99.2 
747 
472 
747 
313 
C=control diet fed throughout the experiment, CS=control diet fed during sanpling times 1 
and 2 and then fed the soybean supplanented diet, beginning at 386 kg body weight, during 
sampling times 3 and 4 and S=soybecin supplanented diet fed throughout the experiment. 
Values are expressed as nmoles of acetate -> long-chain fatty acids/2 h. 
Values are expressed as nmoles of acetate CO2/2 h. 
Values are expressed as yitoles of oleic acid released/h. 
®Time 1 occurred at an average body weight of 309 kg, 2 at 368 kg, 3 at 427 kg and 4 at 
474 kg. 
%umber of observations=5; approximately 4 vdc after the start of the experiment, one steer 
was removed frcm treatment C because of chronic respiratory illness. For both treatments CS 
and S, n=6. 
Standard deviation. 
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Results of the present study are most comparable with those of a study 
conducted by Yang et al. {1978a) in which in vitro rates of conversion of 
acetate to fatty acids and CO2 and of lipoprotein lipase activity were 
measured in adipose tissue of steers that were fed diets containing either 
5 or 10% formaldehyde-treated lipid of either a tallow plus soybean meal 
mixture or a whole soybean plus sunflower seed mixture. In contrast to the 
present study, CO2 production was significantly depressed with both 5 or 
10% supplemental fat of either source. Fatty acid synthesis was depressed 
by feeding diets that contaned 10% of either the protected vegetable oil or 
the protected tallow, but when fed at 5% of the diet, only the protected 
vegetable oil caused depressed fatty acid synthesis. This indicated that 
at the lower level of fat supplementation, fatty acid synthesis was most 
sensitive to the greater degree of unsaturation of the absorbed fatty acids 
than the amount of fat fed. This effect of dietary fat also was documented 
by Hood (1980). Although some escape of unsaturated fatty acids from rumen 
microbial hydrogénation of unsaturated fatty acids has been observed with 
diets containing 6% safflower oil (Dryden and Marchello, 1973), 
formaldehyde-treatment of feed lipids is required to reduce this process 
substantially (Scott et al., 1970; Scott et al., 1971; Garrett et al., 
1976). In the present study, unsaturated fatty acids of the feed lipids 
were subjected to microbial hydrogénation, which, therefore, would have 
resulted in a post-ruminal composition that closely resembled that of the 
protected tallow used by Yang et al. (1978a). As in the present study, 
Yang et al. (1978a) did not observe an effect on lipoprotein lipase 
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activity with 5% supplemental dietary fat, regardless of the degree of 
unsaturation. 
The effect of diet on fatty acid synthesis and CO2 production in 
perirenal adipose tissue is shown in table 3. As was observed for 
subcutaneous adipose tissue, no significant differences occurred for either 
acetate conversion to fatty acids or to CO2. The average rate of acetate 
conversion to fatty acids for S and CS steers, however, was 20 and 17% 
less, on tissue weight and cellular bases, respectively, than those for C 
steers. Thus, a tendency towards depressed fatty acid synthesis in 
perirenal adipose tissue with supplemental soybeans is evident. 
Plasma Lipid Concentrations 
The effect of diet on concentrations of lipids and urea nitrogen in 
plasma is shown in table 4. At sampling time 1 vAien all steers had been 
fed the control diet, no differences (P>.05) in concentrations of lipids or 
urea nitrogen in plasma between the three treatments were observed. At 
sampling time 2, the concentration of total cholesterol was 47% greater 
(P<.01) for S steers than for either CS or C steers. At time 3, total 
plasma cholesterol between steers fed the control and soybean-supplemented 
diet (includes CS steers at time 3) were similar (P> .05) ; the average 
plasma cholesterol concentration of CS and S steers (125 mg/dl) , however, 
was 22.5% greater than that of C steers. At time 4, both CS and S steers 
had greater (P<.05) plasma cholesterol concentrations than did C steers, 
indicating that an increase in dietary fat to about 6% is great enough to 
elicit a response in plasma cholesterol of growing beef cattle. Results 
consistent with those in the present study were observed by Garrett et al. 
Table 3. In vitro acetate conversion to fatty acids and COg in perirenal adipose tissue of steers 
fed the control or high-fat diet 
Variable 
Treatment^  
Fatty acid 
synthesis, 
per mq'^  
CO2 production, 
per ïvcp 
Fatty acid 
synthssis, , 
per 10® cells 
CO- production, 
per 10® cells*^  
C 
CS 
S 
SD*^  
.42 
.33 
.34 
.13 
.12 
.10 
160 
140 
126 
50.2 
48.7 
34.7 
.25 .06 96.7 22.7 
T^reatments are described in footnote a of table 2. 
ues are expressed as nmoles of acetate -> long-chain fatty acids/2 h. 
Values are expressed as nmoles of acetate C0~/2 h. 
d . Standard deviation. 
Table 4. Concentrations of lipids and urea nitrogen in blood plasma of steers fed the control 
and high-fat diets 
Plasma constituents 
Treatment^  Cholesterol^  cholesterol^  cholesterol^  Triglyceride^  Urea nitrogen^  
Sampling Time=l'^  
C 50.8 — 4 4 . 1  10.3 
CS 62.4 12.7 35.6 69.4 11.3 
S 59.2 10.8 36.9 57.2 12.5 
SD® 5.87 4.51 5.64 21.8 2.32 
—: Sampling Time=2 
C 88.8^  35.4^  30.7 42.4^  13.0 
CS 77.3^  20.7f 30.3 71.3^  15.0 
S 115^  62.7 35.5 62.9 14.2 
SD 16.9 16.5 11.1 18.3 2.26 
Sampling Time=3 
C 102 36.4f 33.9 66.1^  12.9 
CS 123 66.6^  34.2 113^  14.3 
S 127 69.9^  33.5 64.4^  13.4 
SD 19.4 23.1 12.1 17.8 1.86 
Sampling Time=4 
C 106? 44.4^  43.7 52.8^  16.1 
CS 139^  73.8^  40.9 61.0^ '^  14.6 
S 135 74.8^  44.7 85.2^  14.3 
SD 22.1 21.1 9.49 21.7 2.24 
treatments are described in footnote a of table 2. 
Values are expressed as mg of total cholesterol, cholesterol in low-density lipoprotein 
(LDL) and high-density lipoproteins (HDL), triglycerides and urea nitrogen per dl of plasma. 
'^ Sampling times are described in footnote e of table 2. 
'^ lissing data are the result of incomplete separation of lipoproteins. 
S^tandard deviation. 
'^^ Means with different superscripts in columns within a saitpling time differ (P<.05). 
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(1976) who found that supplemental fat from either formaldehyde-treated 
tallow or soybeans plus sunflower seeds caused an increase in total 
cholesterol in plasma of beef cattle. Also, diets that contained 10 and 
20% whole sunflower seeds or 12% fat frati a protected oil supplement caused 
increases in total cholesterol in plasma of dairy cows (Yang et al., 1978b; 
Rafalowski and Park, 1982; Park et al., 1983). 
As was observed for plasma cholesterol, the concentration of 
LDL-cholesterol was greatest (P<.01) for S steers at time 2 (table 4). At 
times 3 and 4, all steers that had been fed the soybean-supplemented diet 
(S and CS) had greater concentrations of LDL-cholesterol than did C steers. 
No treatment differences (P>.05) in concentrations of HDL-cholesterol, 
however, were observed within any sampling time. 
For C steers, HDL was the principal carrier of plasma cholesterol, 
transporting an average of 61%. Similar percentages were determined by 
Dougherty et al. (1982) with goats and by Raphael et al. (1973) with 
cattle. In nonruminantsLDL is the major carrier of blood cholesterol 
(Kris-Etherton and Etherton, 1982). For the soybean-supplemented steers in 
the present study, LDL carried an average of 63% of the plasma cholesterol. 
Therefore, the present lipoprotein studies demonstrate that the increase in 
plasma cholesterol that occurs in cattle as a result of feeding 
supplemental whole soybeans is primarily the result of greater 
LDL-cholesterol concentrations. 
Concentrations of triglycerides in plasma varied inconsistently with 
diet (table 4). At sampling time 1, there were no significant differences 
in plasma triglyceride concentrations between the three treatment groups. 
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At times 2, 3 and 4, however, significant differences were observed, but 
the changes did not seem related to treatment effects. Changes in 
triglyceride concentrations that occurred over time for individual 
treatments also varied inconsistently with diet, lihen values for 
triglyceride concentrations at time 1 were treated as covariates in 
analysis of variance, the significance of differences observed between 
treatments at times 2 and 4 were removed, but not for the treatment 
difference at time 3. Also within each time, the magnitude of difference 
between the least squares means of the analysis of covariance and the 
difference between the original means was altered only slightly (data not 
shown). 
The variation in concentrations of triglyceride in plasma observed in 
the present study cannot be explained. Marchello et al. (1971) also found 
concentrations of serum lipids of beef steers to be highly variable. In a 
study with lactating dairy cows, no differences in plasma triglyceride 
concentrations were observed when cows were fed diets that contained fat 
contents similar to those used in the present study (Palmquist and Conrad, 
1978). In another study, Holstein heifers that were fed diets containing 
6.7% fat had greater triglyceride concentrations in plasma than did heifers 
fed 3.1% dietary fat (Park et al., 1983). 
There was no effect of diet (P>.05) on concentrations of plasma urea 
nitrogen at any sampling time (table 4). This observation is in agreement 
with that of another study in which no increase in urea nitrogen was 
observed in plasma of lactating dairy cows fed diets supplemented with 
12.5% fat (Yang et al., 1978b). 
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Effect of Steer Growth on Metabolism in Adipose Tissue and 
Lipids of Blood Plasma 
Changes in adipose tissue metabolism and plasma lipid concentrations 
that occurred over time are shown in table 5. Rates of fatty acid 
synthesis and CO2 production (table 2) and plasma lipid concentrations 
(table 4) changed similarly for each treatment over time. Values at each 
sampling time reported in table 5, therefore, were combined for all 
treatments. The in vitro rate of conversion of acetate to fatty acids per 
mg of tissue was greatest at time 1 (P<.05); conversion rates continued to 
decrease over time, but these changes were not statistically significant. 
When expressed on a cellular basis, the rate of acetate conversion to fatty 
acids also was greatest (P<.05) at time 1; at times 2 and 3, however, 
synthesis rates continued to decrease (P<.05). Acetate conversion to CO2 
did not change from time 1 to time 2. At time 3, however, acetate 
conversion to CO2 decreased (P<.05)? CO2 production was decreased again at 
time 4 but, this change was not significant. In contrast, CO2 production, 
when expressed on a cellular basis, was similar for all sampling times. In 
another study, in vitro acetate conversion to fatty acids per mg of tissue 
in subcutaneous adipose tissue increased during growth of steers from 113 
to 363 kg body weight and then decreased at 505 kg body weight (Pothoveii et 
al., 1975). Vtien expressed on a cell number basis, acetate conversion to 
fatty acids increased in subcutaneous adipose tissue of cattle from 352 to 
427 kg body weight (Whitehurst et al., 1981) . In agreement with results of 
the present study, Trankina et al. (1984), also recently found fatty acid 
Table 5. Effect of sampling time on in vitro metabolism in subcutaneous adipose tissue and 
concentrations of lipids and urea nitrogen in blood plaana 
b 
a 
Sampling time 
Item 1 2 3 4 SD 
Adipose tissue:  ^ y, a  i  s  
Patty acid synthesis, per mg 5.37^  4.70^  1.49^  '^ i^ 1.64 
CO2 production, per mg®  ^ .37 .37 .26 .16 .14 
Lipoprotein lipase, per mg 1^ 06 • 1.06 344 
Synthesis, per 10® cells^  1,587 1,226 551 496 436 
CO2 production, per 10® cells^  119 93.0 99.6 89.0 49.4 
Lipoprotein lipase, cells^  349 — — 578 171 
Plasma:^  
Cholesterol 57.9^  94.0^  118^  ^  128^  ^  13.9 
Triglycerides 57.7. 59.9. 80.2. 67.1. 19.5 
HDL-cholesterol 34.7 ^  32.3^  33.8^  43.1^  10.4 
LDL-cholesterol 9.21 39.58.9^  65.16.4 
Urea nitrogen 11.4 14.1^  13.6^  ^ 14.9^  2.12 
S^anpling times are described in footnote e of table 2. 
F^or each variable the means for each sampling time were pooled across treatments and were 
tested for significance by using the mean square of the treatment x block x sampling time 
interaction as the error term. 
"^ Standard deviation. 
Values expressed as nmoles of acetate long-chain fatty acids/2 h. 
®Values expressed as nmoles of acetate h. 
Values expressed as ymoles of oleic acid released/h. 
U^nits are mg/dl as described in footnote b of table 4. 
'^^ '^ '^ Sfeans with different superscripts in rows differ (P<.05). 
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synthesis rates in subcutaneous adipose tissue of growing beef steers to 
decrease over time when synthesis rates were expressed on a cellular basis. 
There was no effect of time (P>.05) on lipoprotein lipase activity in 
adipose tissue. As discussed earlier, lipoprotein lipase activity tended 
to increase from times 1 to 4, for the control-fed steers and decrease for 
the soybean-supplemented steers. On a cellular basis, lipoprotein lipase 
activity also tended to increase with time, but this change was not 
statistically significant. Paik and Yearlick (1978) found in rats that ad 
libitum feeding of diets supplemented with polyunsaturated fatty acids 
caused lipoprotein lipase activity in adipose tissue to decrease. Yang et 
al. (1978a), however, did not observe a difference in lipoprotein lipase 
activity in adipose tissue of cattle fed diets with or without 5% 
supplemental fat. Evidently, concentrations of dietary fat greater than 6% 
are required to cause a marked changed in lipoprotein lipase activity in 
adipose tissue of cattle. 
Total plasma cholesterol concentrations increased over time (P<.05). 
Brungardt et al. (1963) also found the concentration of total plasma 
cholesterol to increase in beef cattle during growth from 223 to 453 kg 
body weight. For LDL-cholesterol, increases (P<.05) also were observed 
over time. An 11% increase in concentration of LDL-cholesterol from time 3 
to 4, however, was not statistically significant. Concentrations of 
HDL-cholesterol were similar at times 1, 2 and 3, whereas HDL-cholesterol 
increased by 27.5% (P<.05) from times 3 to 4. Concentrations of 
triglycerides were greatest (P<.05) at time 3, but because of the variation 
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observed for plasma triglyceride concentrations, this difference may be a 
result of random error. 
The concentration of plasma urea nitrogen increased (P<.05) from time 
1 to 2 and remained at the time 2 concentration for the rest of the 
experiment (table 5). Because the requirement for protein in beef cattle 
decreases during growth, the concentration of urea increases in blood 
plasma of feedlot cattle that are fed a constant amount of supplemental 
protein throughout growing and finishing (Preston, 1973). Because the 
protein content of each diet used in the present study was constant 
throughout the experiment, the increase in plasma urea nitrogen observed 
from time 1 to 2 suggests that more amino acids were absorbed by the small 
intestine than were required by the steers (Preston et al., 1965). 
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SECTION III. EFFECT OF DIETARY EXTRUDED SOYBEANS 
ON STEER GROWTH AND ORGANOLEPTIC 
QUALITIES AND LIPID COMPOSITION OF 
RIB STEAKS FROM BEEF CATTLE 
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ABSTRACT 
The effects of supplemental full-fat soybeans, enough to provide 6% 
dietary fat, on growth of Angus steers frcsn 309 to 474 kg and organoleptic 
qualities and lipid composition of rib steaks from the same steers were 
determined. Cattle were allotted to either a control group (C), a 
soybean-supplemented group (S) or a group fed the control diet for the 
first half of the experiment (63 d) and the soybean supplemented diet for 
the rest of the experiment (CS). No differences were observed for average 
daily gains, feed to gain ratios or average feed intakes. Compared with 
carcasses of C steers, those of S steers tended to be fatter and have 
larger loin eye areas. Taste panel scores for tenderness, juiciness, 
flavor and connective tissue of steaks of the 10th rib from steers of each 
treatment were similar, but the overall taste panel score was greater for C 
steers than for CS steers; the overall score for S steers was intermediate. 
No differences were observed for Warner-Bratzler shear test on steaks from 
the 12th rib. For both cooked and uncooked rib steaks, no treatment 
differences were observed for proportions of fatty acids; those of steers 
from treatments CS and S, however, tended to have greater proportions of 
18:2 and 18:3. Cooked steaks from each treatment had similar lipid 
percentages, but uncooked steaks from S steers had a greater percentage of 
lipid than did those from either C or CS steers. Cholesterol contents of 
both cooked and uncooked steaks were not influenced by dietary treatments. 
When cooked steaks (12th rib steaks) were compared with uncooked steaks 
(11th rib steaks), the proportion of 18:0 was greater and that of 18:2 was 
12% less for the cooked steaks, whereas no differences were observed for 
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lipid percentage or cholesterol content. The results indicate tliat 
supplementing a high-energy finishing diet for beef steers with enough 
full-fat soybeans to provide 6% dietary fat does not affect growth, but 
tends to increase the proportion of fat in the carcass. Also, this higher 
fat diet increases the proportions of 18:2 and 18:3 fatty acids and 
resistance to Warner-Bratzler shear but decreases overall organoleptic 
quality of rib steaks. 
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INTRODUCTION 
Feeding diets to beef cattle that contain 7% tallow or 5% vegetable 
oil improves average daily gains and feed to gain ratios, whereas dry 
matter digestibility is reduced (Dyer et al., 1957; Roberts and McKirdy, 
1964). In other studies, increased average daily gains and improved feed 
efficiencies also were observed for beef cattle fed diets with a protected 
tallow supplement, but was without an effect on digestibility (Garrett et 
al., 1976; Dinius et al., 1978; McCartor et al., 1979). In contrast, otlier 
studies have shown that average daily gains were reduced when cattle were 
fed diets that contained 5% soybean oil (Putnan et al., 1969) or 6% 
protected tallow (Marchello et al., 1971). When supplemental fat was 
included in the diets of calves as whole soybeans, growth performance and 
diet digestibility were similar to those of calves supplemented with 
soybean meal (Daniels et al., 1973). Holstein heifers fed diets 
supplemented with whole sunflower seeds gained weight at rates similar to 
those of control-fed heifers, but feed to gain"ratios were less with 
sunflower seeds (Park et al., 1983). Results similar to this were observed 
for lactating Holstein heifers (Rafalowski and Park, 1982). Growth 
performance and digestibility of fat-supplemented diets, therefore, may be 
less variable if the fat is included as the whole oil seed. 
Compared with high roughage diets for beef cattle, feeding high 
concentrate diets results in accretion of greater proportions of 
unsaturated fatty acids in adipose tissue (Cabezas et al., 1965; Westerling 
and Hedrick, 1979). Similar results were observed for ram lambs (Field et 
al., 1978). Additional increases in the proportion of unsaturated fatty 
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acids of beef fat have been observed by supplementing high concentrate 
diets with vegetable oils (Dryden and Marchello, 1973; Clemens et al., 
1974). The flavor of beef was enhanced by feeding high concentrate 
compared with high roughage diets (Westerling and Hedrick, 1979); this 
flavor enhancement was associated closely with increased marbling. In 
another study, significant positive correlations between both overall taste 
panel score and tenderness with lipid content of M. longissimus were 
observed (Dryden and-Marchello, 1970). Further evaluation of lipid 
composition in this study revealed a negative correlation between the 
proportion of 18:2 and juiciness and a positive correlation between the 
proportion of 18:1 and flavor. Safflower oil infused into the abcmasum of 
steers resulted in beef that was less tender and of coarser texture (Dinius 
et al., 1974). Also, beef from steers that had been fed diets supplemented 
with formaldehyde-treated oil had a "sweet" flavor and oily texture (Ford 
et al., 1976). 
The present study was conducted to determine the effect of feeding 
full-fat soybeans to beef steers, enough to increase the fat content of the 
diet to 6%, on growth performance and carcass characteristics and on 
organoleptic quality and fatty acid composition of raw and cooked rib 
steaks. 
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MATERIALS AND METHODS 
Experimental Design 
Eighteen purebred Angus steers weighing an average of 309 kg were 
divided (blocked) on the basis of body weight into two groups of nine 
steers. Steers of each group then were allotted randomly to one of three 
dietary treatments. Each treatment was imposed on two open-air pens of 
three cattle each. The three treatments were 1) a control diet (C), 2) a 
diet supplemented with enough full-fat extruded soybeans to increase the 
fat content to ca. 6% (S) and 3) the control diet fed for the first half of 
the experiment and then switched to the soybean-supplemented diet for the 
rest of the experiment (CS). All diets were fed until the steers weighed 
an average of 474 kg. The compositions of the diets are shown in table 1. 
Feeding and Management 
All cattle were offered their diets and water for ad libitum 
consumption. The concentrates and corn silage were canbined and fed in two 
equally sized portions at 0800 and 1500 h. Every 14 d, steers were 
weighed, and samples of each feed were obtained. At the end of the 
experiment, the individual feed samples were combined and analyzed for 
crude protein and ether extract ('AOAC, 1965). At the beginning of the 
experiment and at 60-d intervals, each steer was implanted with Synovex-S^ . 
E^ach implant contained 200 mg progesterone and 20 mg estradiol 
benzoate. Syntex Agribusiness Inc., Des Nîoines, lA. 
Table 1. Composition of experimental diets 
Diet 
Item^  Control Hiqh-fat 
Cracked com (IFN 4-02-931) , % 57.7 54.2 
Soybean meal (IFN 5-04-604), % 10.8 
Soybeans (IFN 5-04-610), %° — 14.3 
Molasses (IFN 4-04-696), % 2.2 2.2 
Com Silage (IFN 3-08-153) , % 27.8 27.6 
Ground limestone (IFN 6-02-632), % .70 .70 
Dicalcium phosphate (IFN 6-01-080), % .15 .15 
Trace mineral salt, %'^  , .45 .45 
Vitamin and mineral mix, % .20 .20 
Crude protein, %^  12.9 13.1 
Ether extract, %  ^ 3.28 5.81 
Metabolizable energy, Mcal/kg 3.01 3.03 
r^y-matter basis. 
E^xtruded soybeans supplied by Triple "F", Inc., Des Moines, lA. 
C^ontained, as a %: NaCl, 98; MnSO^ , .28; MnO, .20; FeSO^ 'H^ O, .61; CuO, .04; CoCO^ , .07; 
CadO^ )^ , .01; ZnO, .01. 
Contained; MnO, 5.70%; CuO, .84%; C0CO3, .02%; ZnO, 5.49%; Ca(I0^ )2, .12%; CaCO], 16.5%; 
FeO, 1.49%; FeCO], 2.41%; KCl, 10.4%; Rumensin-60, 13.1% menadione dimetiiylpyrimidinol 
bisulfite, .054%; cholecalciferol, 35.8 yg/g; retinyl acetate, .49 mg/g; dl-a-tocopherol acetate, 
.72 mg/g; carriers, 43.7%. 
D^etermined using procedures described in AOPC (1975). 
Calculated from NRC (1976) reported values for cracked com, soybean meal, soybeans, cane 
molasses and com silage. 
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Carcass Grading and Tissue Sampling 
All cattle were slaughtered in the Iowa State University Meat 
Laboratory by stunning followed by exsanguination. Both halves of each 
carcass were hung in a room maintained at 4 C. Approximately 24 h after 
slaughter, the right half of each carcass was split between the 12th and 
13th rib. Carcass data that were collected included warm carcass weight, 
dressing percentage, back fat thickness at the 12th rib, percentage of 
kidney, pelvic and heart fats, loin eye area, marbling score and USDA yield 
and quality grades (USDA, 1975). 
Four days after slaughter, 3.2-cm thick cross sections of M. 
longissimus at the 10th, 11th and 12th ribs were removed from the right 
half of each carcass, individually wrapped and stored at -20 C for later 
organoleptic evaluation (10th rib), chemical analysis (11th rib) and 
Warner-Bratzler shear test (12th rib). 
Organoleptic Evaluation 
A 10-member sensory panel, previously trained and familiarized with 
evaluation of beef rib steaks, participated in the organoleptic evaluation. 
Forty-eight hours before taste panel and Warner-Bratzler shear tests were 
conducted, 10th and 12th rib steaks were removed from frozen storage and 
thawed at 4 C. Fat was trimmed to .32 cm, and then each steak was placed 
in an oven-broiler that had been preheated to 204 C. Internal temperatures 
were monitored by using thermocouples inserted into the center of each 
steak. At an internal temperature of 35 C, each steak was inverted; at an 
internal temperature of 70 C, each steak was removed from the broiler, 
wrapped in aluminum foil and then placed into a 38 C warming oven. 
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Individual 10th rib steaks were removed from the warming oven, cut 
into 1.27- X 1.27- x 2.54-cm pieces and served to each member of the taste 
panel. The panelists evaluated each steak according to an 8-point 
descriptive scale for tenderness, juiciness, connective tissue, flavor and 
overall score; a score of 1 is extremely undesirable for tliat trait and a 
score of 8 is extremely desirable for that trait. Each panelist had an 
individual booth that was illuminated by red fluorescent light to remove 
the influence of meat color on the evaluation. 
Twelfth rib steaks were allowed to cool to room temperature, and then 
three 1.27-cm diameter cores equal in length to the thickness of the steak 
were removed from the center of each steak. Two Warner-Bratzler shear 
values were obtained from each core sample. Afterwards, approximately 10 g 
of each cooked 12th rib steak were placed in a plastic bag and stored at 
-20 C for later analysis of lipid composition. 
Lipid Analyses 
Preparation of samples 
A 4- X 4- X 10-cra core was removed from each 11th rib M. longissimus 
sample; each core, as well as each cooked sample from the 12th rib, was 
ground, mixed and lyophilized before lipid extraction. Lipids were 
extracted from duplicate I-g samples of cooked and uncooked muscle with 
chloroform:methanol:water (1:2:.8, v/v/v; Bligh and Dyer, 1959). Lipid 
extracts were evaporated under moving nitrogen, and the lipid percentage in 
each cooked and uncooked sample was determined gravimetrically. 
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Composition of fatty acids 
Fatty acid methyl esters were prepared by incubating up to 100 mg of 
each lipid residue in 3 ml of 14% boron trifluoride in methanol for 12 h at 
70 C (Metcalfe et al., 1961). The composition of the fatty acid methyl 
ester preparation was determined by using a Perkin-Elmer 900 gas 
chromatograph equipped with a 1.83 m long x .32 cm inside diameter metal 
column packed with 10% diethylene glycol succinate on 80/100 Supelcoport^  
and a flame ionization detector. Injector temperature was 250 C, column 
temperature was 175 C and flow rate of carrier nitrogen was 20 ml/min. The 
weight percentage of each fatty acid was calculated directly with a 
Shimadzu C-RIE integrator. The identity of fatty acids was determined by 
comparing retention times with those of fatty acid methyl ester standards^ . 
Content of cholesterol in muscle 
Lipids of cooked and uncooked M. longissimus were extracted with 
chloroform:methanol:water (1:2:.8, v/v/v; Bligh and Dyer, 1959) and 
evaporated under a stream of nitrogen; lipid residues were dissolved in 
isopropanol for enzymatic assay of cholesterol content (Aliain et al., 
1974) .3 
S^upelco, Inc., Bellefonte, PA. 
C^entrifichem Test for quantitative determination of cholesterol. 
Union Carbide Corp., Rye, ixlY. 
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Statistical Analysis 
Treatment differences were determined by analysis of variance for the 
randomized complete block, with weight group serving as blocks. Duncan's 
multiple range test (Steel and Torrie, 1960) was used to locate differences 
at the .05 level of significance. All statistical analyses were conducted 
by using the Statistical Analysis System (SAS, 1982). 
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RESULTS AND DISCUSSION 
Growth and Carcass Characteristics 
Growth performances and carcass data are presented in table 2. 
Approximately 4 wk after the start of the experiment, one of the steers 
allotted to the control group was removed from the experiment because of 
chronic respiratory illness. No differences (P>.05) were observed for 
average daily gain, daily feed intake or feed to gain ratio. Other studies 
have shown supplemental dietary lipid to increase growth rate when the fat 
was fed as formaldehyde-protected tallow (Garrett et al., 1976; McCartor 
and Smith, 1978) or unprotected tallow or vegetable oil (Dyer et al., 1957; 
Roberts and McKirdy, 1964). In contrast, other studies have shown a 
depressing effect of supplemental fat on growth rate in cattle (Putnam et 
al., 1969; Marchello et al., 1971). As was shown in the present study, 
McCartor et al. (1979) found no differences (P>.05) in growth rates, feed 
intakes or feed to gain ratios of cattle fed diets with (6% total fat) or 
without supplemental tallow. 
Supplemental fat fed as extruded soybeans had only minor effects on 
carcass characteristics in the present study. Average carcass weights were 
similar for C and CS steers but were only 4% greater for S steers. 
Dressing percentages were similar for all treatments. Although no 
significant differences were observed, fat thickness over the 12th rib, 
percentage of kidney, pelvic and heart fats, loin eye areas and USDA yield 
grades tended to increase as the average length of time the steers were fed 
the whole soybeans increased. Compared with C steers, S steers had 19% 
greater fat thickness, 29% greater percentage kidney, pelvic and heart 
Table 2. Growth performance and carcass characteristics of steers fed the control or high-fat 
diet 
Treatment^  
Variable C CS S SD^  
Days fed 126 126 126 
No. of steers , 5 6 6 
Initial weight, kg 305.9 ± 7.10 300.7 ± 14.4 318.6 ± 8.00 
Final weight, kg^  ^ 467.1 ± 6.61 465.2 ± 14.0 487.6 ± 14.1 
Daily gain, kg 1.31 1.32 1.34 .17 
Daily feed, kg 10.2 8.82 9.77 1.06 
Feed to gain ratio 7.43 6,73 7.31 .88 
Carcass characteristics: 
Warm carcass weight, kg 286.7 286.3 297.7 18.5 
Dressing percentage, % 61.4 61-5 61.1 1.77 
Fat thickness, cm 1.12 1.25 1.33 .35 
Kidney, pelvic, heart fat, % 2.00 2.17 2.58 .59 
Loin eye area, on^  75.1 79.8 80.4 7.64 
USDA yield grade®  ^ 2.78 2.75 2.95 .55 
USDA quality grade ' 7.4 . 7.67. 9.00 1.19 
Marbling^  6.24"' 5.87^  7.45^  1.09 
C^=control diet, S=soybean-suppleinented diet and CS=control diet fed for the first half of 
the experiment and then switched to the soybean-supplemented diet for the rest of the experiment. 
S^tandard deviation. 
"^ Dne steer was recnoved after 6 wk because of chronic respiratory illness. 
l^us or minus standard error of the mean. 
C^arcasses were graded for yield and quality according to USDA (1975) grading standards. 
Seven is choice minus, 8 is choice average, 9 is choice plus and 10 is prime minus. 
%ix is modest, 7 is moderate and 8 is slightly abundant. 
'^•"lyieans with different superscripts in rows differ (P<.05). 
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fats, 7% greater loin eye area and a 6% greater USDA yield grade. Steers 
of treatment S had a 19% greater (P>.05) USDA quality grade than did those 
of C plus CS treatments. This difference, although not statistically 
significant, was associated with a greater (P<.05) marbling score for S 
steers than for either CS or C steers. In other studies where supplemental 
fat was included as protected tallow at dietary levels similar to that of 
the present study, fat thickness, percentage of kidney, pelvic and heart 
fats, marbling scores, quality grades and yield grades of cattle were 
greater than or similar to those of control-fed cattle of these studies 
(Garrett et al., 1976; McCartor and Smith, 1978; McCartor et al., 1979), 
The fat content of carcasses of steers fed diets supplemented with either 
protected tallow or protected vegetable oil was greater (P<.05) than that 
of unsupplemented control steers (Garrett et al., 1976). In contrast to 
the present study, other studies have found loin eye areas of steers fed 
supplemental fat to be less than those of their respective controls 
(Garrett et al., 1976; McCartor et al., 1979). 
Organoleptic Evaluation 
Results of the Warner-Bratzler shear tests and taste panel evaluations 
are shown in table 3. The average Warner-Bratzler shear value for rib 
steaks from the S steers was 5% greater (P>.05) than that for the average 
of C plus CS steers. For tenderness, steaks from the CS and S steers had 
similar scores, the average of which was 8% less than that for C steers but 
not significantly different. No differences (P>.05) or tendencies toward 
treatment effects were observed for juiciness or flavor scores. Although 
not significantly different, the connective tissue score for rib steaks 
Table 3. Wamer-Bratzler shear test and organoleptic evaluation of rib steaks from steers fed the 
control or high-fat diets 
Treatment^  
Variable C CS S SD*^  
No. of observations 5 6 6 
Wamer-Bratzler shear, kg/an^  2.21 2.18 2.30 .37 
Tenderness^  6.42 5.90 5.98 .46 
Juiciness^   ^ 5.72 5.25 5.98 .60 
Connective tissue 6.56 6.08 6.17 .39 
Flavor<3^ ;^^  6.24. 5.92 6.25. .35 
Overall 6.40 5.78^  6.03^ '^  .39 
®Wamer-Bratzler shear tests were conducted on steaks frati the 12th rib, and organoleptic 
evaluations were conducted on steaks fran the 10th rib. 
T^reatments are described in legend of table 2. 
'^ Standard deviation. 
S^cored on an 8-point scale with 1 being extremely undesirable and 8 extremely desirable for 
that trait. 
S^cored on an 8-point scale with 1 being abundant and 8 being none. 
'^%eans with different superscripts in rcws differ (P<.05). 
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from C steers was 7% greater than that for the average of CS plus S steers. 
The overall score for organoleptic quality was greater (P<.05) for rib 
steaks from C steers than for those from CS steers; the overall score for 
rib steaks from S steers was intermediate (P>.05). In contrast, McCartor 
and Smith (1978) and McCartor et al. (1979) found no differences in 
palatability characteristics or Warner-Bratzler shear test of rib steaks 
from steers fed diets with or without supplemental protected tallow. 
Fatty Acid Composition and Lipid Content of Rib Steaks 
The effect of supplemental fat on composition and content of lipids of 
both cooked and uncooked rib steaks is shown in table 4. For both the 
cooked and uncooked rib steaks, no significant differences were observed 
between treatments for any of the fatty acids. Cooked steaks from CS and S 
steers, however, had average proportions of 18:2 and 18:3 that were 36 and 
13% greater, respectively, than for those of C steers. The proportion of 
18:0 in lipids of cooked steaks was 7% greater for C steers than from that 
of CS plus S steers (P>=05)= In lipids of uncooked steaks, only 18:3 
tended to increase (P>.05) in those of CS and S steers; the average 
proportion of 18:3 of CS plus S steers was 25% greater than that of C 
steers. For the uncooked rib steaks of CS steers, the average proportion 
of 18:2 was 13% greater than that from C steers. Previous work has shown 
that feeding cattle diets that contain 5% safflower oil or 5% corn oil 
results in increased proportions of unsaturated fatty acids of 
intramuscular lipids of beef (Dryden and Marchello, 1973; Clemens et al., 
1974). 
Table 4. Fatty acid composition and cholesterol content of lipids of both cooked and uncooked 
rib steaks of steers fed the control or high-fat diet 
Meat type 
Item Cooked^  Uncooked^  
Treatment^ -
Fatty acid^  C CS S SD^  C CS S SD^  
14:0 4.30 4.53 4.57 .43 4.18 4.17 4.27 .49 
15:0 1.26 1.17 1.35 .30 1.15 1.14 1-23 .27 
16:0 27.1 26.5 27.5 1.01 26.6 26-9 27.2 1.43 
16:1 4.66 4.10 4.33 .58 4.28 4.12 4.15 .52 
17:0 .87 .72 .84 .21 -95 .75 .85 .19 
18:0 12.4 12.8 12.6 .90 12.8 13.2 13.8 1.06 
18:1 37.8 34.9 35.9 3.05 37.7 35-9 36.5 2.23 
18:2 7.22 10.5 9.10 2.56 7.66 8-73 7.70 2-41 
18:3 .62 .68 .78 .15 .57 -64 .79 .26 
Lipid, 17.0 15.2 18.1 5.17 14.0^  14-2^  25.2^  4.87 
Cholesterol: 
mg per g dry tissue 2.18 2.37 2.53 2.30 3.62 1-91 4.18 2.37 
mg per g lipid 12.3 15.0 15.0 6.63 25-7 13-2 16.8 12.2 
C^ooked was fron the 12th rib steak, and uncooked was fron the 11th rib steak. 
D^iets corresponding to treatment are described in legend of table 2. 
Values are weight percentages of all fatty acids observed. 
S^tandard deviation 
r^y weight basis. 
'^Cleans with different superscripts in a rcw within a meat type differ (P<.01). 
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The cooked rib steaks of steers from each treatment had similar 
percentages of lipid (table 4). For the uncooked rib steaks, however, 
those of S steers had a greater (P<.05) percentage of lipid than did those 
of either C or CS steers. As discussed previously, carcasses of S steers 
had a greater (P<.05) average marbling score than did those of C or CS 
steers. The cooked rib steaks from S steers had a 5% greater lipid 
percentage than did those from C steers. 
No significant differences were observed for cholesterol content 
between treatments for either cooked or uncooked steaks (table 4). The 
cooked rib steaks from CS plus S steers had average cholesterol contents 
that were 12 and 22% greater (P>.05) than that for C steers when expressed 
on a per mg dry tissue and per mg lipid basis, respectively. For the 
uncooked steaks, no tendency towards greater contents of cholesterol was 
apparent when expressed on a per mg of dry tissue basis. The cholesterol 
content of uncooked rib steaks from CS steers, however, was nearly half 
that for C steers, and, because of similar lipid contents, resulted in 
nearly a twofold greater content of cholesterol when expressed on a per mg 
of lipid basis. The variability in cholesterol contents observed within 
treatments precluded statistical significance of this difference. Similar 
to the results of the present study, Garrett et al. (1976) found no 
differences in cholesterol content of muscle from steers fed diets with or 
without a protected oil or tallow supplement. 
A comparison of fatty acid composition and lipid content of the cooked 
and uncooked rib steaks is shown in table 5. The proportion of 18:0 was 
greater (P<.05) for cooked steaks; the proportion of 18:2, however, was 12% 
Table 5. Comparison of cooked with uncooked meat—lipid conposition or rib steaks frcm steers fed 
the control and high-fat diets^  
Meat type 
Item Cooked^  Uncooked*^  SD^  
Fatty acid:^  
14:1 4.21 4.48 .43 
15:0 1.17 1.26 .27 
16:0 26.9 27.1 1.19 
16:1 4.18 4.35 .54 
17:0 .84 .81 .19 
18:0 13.3^  12.6^  .95 
18:1 36.7 36.1 2.78 
18:2 8.05 9.02 2.66 
18:3 .67 .69 .22 
Lipid, 18.3 16.7 6.09 
Cholesterol: 
mg per g dry tissue 3.29 2.36 2.06 
mq per q lipid 18.4 14-1 10.7 
Values for each meat type are pooled across treatments. 
Values are weight percentages of all fatty acids observed. 
C^ooked was frcm the 12tl"i rib steak, and uncooked was frcm the 11th rib steak. 
'^ Standard deviation. 
r^y weight basis. 
'^Cleans with different superscripts in a row differ (P<.05). 
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greater (P>.Û5) for uncooked steaks. No significant differences were found 
for lipid or cholesterol contents; the cooked steaks, however, had averages 
for these two variables that were 10 and 39% greater, respectively, than 
for those of uncooked steaks. Because lipid contents of the cooked rib 
steaks were not determined before they were cooked, actual effects of 
cooking on the content of lipids of these steaks are not known. In an 
earlier study that compared cooked with uncooked meats, however, Chang and 
Watts (1952) found the proportions of total saturated, 18:1, 18:2 and 18:3 
of the edible portion of uncooked rolled beef rib to be similar to those of 
the edible portion of cooked beef rib. Also after roasting, Chang and 
Watts (1952) found that beef rib contained 9% more lipid on a dry weight 
basis than when uncooked. 
Correlations between fatty acids and average daily gain of steers and 
meat quality and composition of cooked rib steaks are shown in table 6. 
No correlations greater than .26 (P>.05) were observed between average 
daily gain and each of individual fatty acids, lipid percentage or 
marbling. In contrast, Waldman et al. (1968) observed significant 
correlations between average daily gain and both 18:1 (r=-.50) and 13:2 
(r=.35). In the Waldman et al. (1968) study, cattle were fed a high-energy 
diet but were slaughtered at three different body weights; the effect of 
weight group on fatty acid composition of intramuscular lipids was 
significant in the Waldman study. 
The only significant correlations observed for individual fatty acids 
and organoleptic variables (table 5) were between overall score and 16:1, 
18:1 and 18:2. All correlations between 18:2 and organoleptic variables 
Table 6. Correlation coefficients of fatty acids and lipid content with 
organoleptic and Wamer-Bratzler shear test scores and lipid 
content of rib steaks frati steers fed the control and high-fat 
diets^  
Lipid canponent 
Variable 14:0 15:0 16:0 16:1 17:0 18:0 
Tenderness -.35 .06 -.01 .34 .15 -.24 
Juiciness .19 .02 .42 .01 -.02 .06 
Connective tissue -.45 .16 -.09 ,42 .21 -.24 
Flavor .05 .07 .13 .10. .14 -.19 
Overall -.21 .24 .22 .47^  .31 -.23 
Wamer-Bratzler shear .68® -•13 .25, -.28^  -.36 .02 
Lipid .02 .51° .66"^  .60° .20 -.36 
Marbling .04 .56 .51 .41 .15 -.33 
Cholesterol -.16 .34 .28 .23 .45 -.20 
Average daily gain -.03 -.05 .13 -.12 .26 .20 
a^ch correlation coefficient was calculated fran data pooled 
across treatments. 
Unsaturated is the sum of 16:1, 18:1, 18:2 and 18:3 and saturated 
is the sum of 14:0, 15:0, 16:0, 17:0 and 18:0 
*^ <.05. 
<^.01. 
®P<.001. 
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18:1 18:2 18:3 Total unsat.^  Total sat.^  Marblinq Lipid 
.36 -.33 -.11 .33 -.22 -.02 .09 
-.04 -.15 .26 -.42 .41 .57 .50° 
.52 -.40 -.14 .56° -.28 -.11 -.12 
.08 -.09 .03 .03 .03 .26 .18 
.51% -.55° -.07 .22 .05 .22 .26 
-.64 .40 .34 -.78 .32 -.05^  -.07 
.40 -.56° .07 .01 .40 .87 
.28 -.36 .07 .09 .33 — 
.35 -.31 -.44 .18 .17 .49° .49° 
.06 -.11 -.20 -.21 .23 -.18 -.23 
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were negative and suggests that beef containing lipids with greater 
proportions of polyunsaturated fatty acids is less palatable. In contrast, 
correlations between both 16:1 and 18:1 and organoleptic variables were 
mostly positive. As was shown in the present study, Waldman et al. (1968) 
and Terrell et al. (1968) also did not observe significant correlations 
between fatty acids and juiciness, tenderness or flavor scores. Also 
similar to the results of the present study, Dryden and Marchello (1970) 
found correlations between both 18:0 and 18:2 and tenderness to be negative 
and between 18:1 and tenderness to be positive. The type and magnitude of 
correlations between overall taste panel score and both 18:1 and 18:2 that 
were observed by Dryden and Marchello (1970) also were similar to those 
observed in the present study. In contrast to the present study, 
Westerling and Hedrick (1979) observed significant correlations between 
flavor of M. longissimus and each of 16:0 (r=-.52), 18:0 (r=-.60), 18:1 
(r=.67) and 18:2 (r=-.63); no significant correlations were observed, 
however, between these fatty acids and juiciness or tenderness. The 
contrast between the results of the Westerling and Hedrick (1979) study and 
those of the present study occurred because treatment differences observed 
by Westerling and Hedrick (1979) for both fatty acid composition and flavor 
score were greater and significant, whereas these variables were not 
different for the steers of the present study. 
Correlation coefficients between both marbling and lipid percentage 
and the organoleptic variables were similar (table 6). The correlation 
between lipid percentage and juiciness was positive (P<.05);. the 
correlation between marbling and juiciness, however, was not significant 
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(P>.05) but was similar in magnitude to that of lipid percentage with 
juiciness. Similar results were observed by Dryden and Marchello (1970) 
for correlations between lipid percentage and juiciness score of M. 
longissimus. Westerling and Hedrick (1979) observed an increase in flavor 
score of beef as marbling increased; juiciness and tenderness, however, 
were not associated with changes in marbling in their study. Generally, 
marbling in beef has only minor effects on tenderness, whereas juiciness 
and flavor usually are enhanced with increased marbling (Blumer, 1963; 
Pearson, 1966). Significant correlations were observed between 
Warner-Bratzler shear values and 14:0, 18:1 and total unsaturated fatty 
acids in the present study. Negative correlations were observed between 
Warner-Bratzler shear values and both 16:1 and 18:1 (P<.01), which suggests 
that shear resistance decreases as the proportion of monounsaturated fatty 
acids increases. Moreover, correlations between shear values and 18:2, 
18:3 and total saturated fatty acids were positive. Positive correlations 
were observed between lipid percentage and 15:0 (P<.05), 16:0 (P<.01), 16:1 
(P<.05) and 18:1 (P>.05), whereas negative correlations were observed 
between lipid percentage and 18:0 (P>.05) and 18:2 (P<.05). These 
correlations suggest that accretion of intramuscular lipid in growing 
cattle consuming a high-energy diet ad libitum occurs at the exclusion of 
18:0 and 18:2. 
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GENERAL DISCUSSION 
Supplementation of a high-energy finishing diet with enough full-fat 
soybeans to provide 5% dietary fat resulted in increased proportions of 
unsaturated fatty acids in subcutaneous and perirenal adipose tissue, 
muscle and blood plasma of beef cattle. Proportions of 18:2 in M« . 
longissimus taken after slaughter were as high as 12.7% from a steer fed 
supplemental soybeans and slaughtered during January, a particularly cold 
month in Iowa. The greatest value for 18:2 for control-fed steers 
slaughtered during the winter was 8.0%. A greater number of steers fed the 
control and soybean-supplemented diets are required to determine if there 
is an actual relationship between ambient temperature and the deposition of 
18:2 in muscle lipids. 
The observation that growth or length of time fed the soybean 
supplemented diet resulted in increased proportions of unsaturated fatty 
acids indicates that cattle closer to their mature size are the best 
candidates for having an increased content of polyunsaturated fatty acids. 
The effects of growth, however, are confounded with those of age, season of 
the year and length of time being fed a particular diet. 
The duodenal ingesta of steers fed the control diet and the high-fat 
diets had similar proportions of unsaturated fatty acids. Because the 
ingesta of the steers fed the high-fat diets had a larger percentage of 
lipid and because feed intakes were similar, more unsaturated fatty acids 
were available for absorption in the small intestine of the steers fed the 
high-fat diet. This conclusion needs to be verified by using markers in 
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the feed to measure the rate of passage of the feed through the digestive 
tract and by measuring the digestibility of the dietary fat. 
The change in proportions of saturated and unsaturated fatty acids 
that occurred as feed lipids were deposited in tissues are shown in table 
1. Polyunsaturated fatty acids were most abundant in the feed and were 
reduced by about 90% because of rumen biohydrogenation. The proportion of 
polyunsaturated fatty acids was greatest in plasma, whereas their 
proportions were much less in muscle and adipose tissue. The proportion of 
monounsaturated fatty acids was constant between feed and duodenal ingeata 
and was decreased by half in the plasma. In muscle and adipose tissue, the 
proportion of monounsaturated fatty acids was fourfold that in plasma, a 
result of desaturation of saturated acids in adipose tissue (Vernon, 1981). 
The proportions of saturated fatty acids increased over fourfold from the 
feed to the duodenal ingesta, a result of biohydrogenation of 
polyunsaturated fatty acids in feeds. The proportion of saturated fatty 
acids in plasma was less than that in duodenal ingesta and was similar to 
that in muscle and adipose tissue. Because desaturation is less extensive 
in perirenal adipose tissue than in subcutaneous adipose tissue {Pothoven 
et al., 1974), the proportion of saturated fatty acids in perirenal adipose 
tissue was 36% greater than that in subcutaneous adipose tissue. 
Compared with the control diet, supplemental whole soybeans did not 
result in a reduced rate of in vitro acetate conversion to fatty acids 
until slaughter, when the rate decreased by 18.5 and 20% in subcutaneous 
and perirenal adipose tissue, respectively, when expressed on a 
tissue-weight basis. VJhen expressed on a cellular basis, synthetic rates 
Table 1. Change in satinratâon/unsaturation of fatty acids from feed to deposition 
Source of lipid 
Type of fatty  ^ Duodenal^   ^  ^ Subcutaneous^  Perirenal^  
acid Feed ingesta Plasma Muscle adipose tissue adipose tissue 
Polyunsaturated 
Monounsaturated^  
Saturated^  
60.4 
22 .2  
15.8 
6.4 
20.9 
69.5 
43.6 
10.8 
41.7 
-wt %-
8.7 
40.9 
41.5 
4.1 
49.3 
43.6 
3.4 
37.1 
57.2 
Values are averages of all diets. 
Values are averages of each Holstein steer for all diets. 
"Values are averages of each diet frcm sampling time 4. 
S^um of 18:2 and 18:3 fatty acids. 
®Sum of 16:1 and 18:1 fatty acids. 
S^um of 14:0, 15:0, 16:0, 17:0 and 18:0 fatty acids. 
to 
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were 28 and 17% less in subcutaneous and perirenal adipose tissues, 
respectively, of steers fed supplemental soybeans. Acetate conversion to 
CO2 was not affected by supplemental soybeans at any of the sampling times. 
Although the activity of lipoprotein lipase in adipose tissue of C steers 
was not statistically different from that for CS or S steers, the activity 
of lipoprotein lipase per mg of adipose tissue of C steers taken at 
slaughter was 41% greater than that of the average of CS plus S steers. 
Wlien expressed on a cellular basis, however, lipoprotein lipase activity in 
subcutaneous adipose tissue of C steers was 37% greater than that of CS 
steers but was similar to that of S steers. This increase in lipoprotein 
lipase activity indicates that supplementation of high-energy diets with 
whole soybeans for a short period of time (63 d) reduces the capacity of 
adipocytes to deposit fatty acids from circulating triglycerides; when fed 
for longer periods of time (126 d) however, adipocytes adapt to the 
supplemental dietary fat and increase their capacity for triglyceride 
deposition. In another study, similar lipoprotein lipase activities also 
were observed in subcutaneous adipose tissue of steers fed either a control 
diet or a diet containing 5% tallow or vegetable oil for 112 d (Yang et 
al., 1978). 
Concentrations of cholesterol in plasma increased in response to 
supplemental soybeans. At the second sampling time, when C and CS steers 
had been fed only the control diet and S steers had been fed the 
soybean-supplemented diet, the concentration of cholesterol increased only 
in S steers. At sampling times 3 and 4, CS and S steers both had been fed 
the soybean-supplemented diet and their plasma cholesterol concentrations 
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were similar but 22.5% greater than that of C steers. Similar changes in 
response to time were observed for plasma LDL-cholesterol. No differences 
in HDL-cholesterol were observed between treatments at any sampling time. 
The principal carrier of cholesterol in plasma of C steers was HDL, which 
carried an average of 51% of the cholesterol (averaged across all sampling 
times). For CS and S steers, LDL was the principal carrier of cholesterol 
and carried an average of 63% (for CS and S combined across sampling 
times). Therefore, the increase in plasma cholesterol that occurs in 
cattle as a result of feeding supplemental whole soybeans is primarily the 
result of greater LDL-cholesterol concentrations. 
Changes in concentrations of triglyceride in plasma of steers were 
inconsistent with respect to treatment or sampling time. VJhen triglyceride 
concentrations within individual treatments of the first sampling time were 
compared with those of the second sampling time, no differences were 
observed. When triglyceride concentrations of the three treatments at each 
of the first two sampling times were compared, triglyceride concentrations 
in plasma of CS steers was greatest, that of S steers was intermediate md 
that of C steers was least. Compared with sampling time 2, plasma 
triglyceride of C and CS steers at sampling time 3 were 57 and 59% greater, 
respectively, whereas that of S steers did not change. At sampling time 4, 
triglyceride concentrations in plasma of both C and CS steers had decreased 
and that of S steers had increased, relative to triglyceride concentrations 
observed at the sampling time 3. The reason for these highly variable 
triglyceride concentrations is not apparent. Although the steers always 
had feed available to them, most steers consumed their feed soon after it 
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was delivered to their feed bunks. The order that each pen of steers was 
fed relative to the order that biopsies were obtained from steers at each 
sampling time was not consistent. The time blood was sampled from each 
steer relative to the time each steer was fed may have caused some of the 
variation in the concentration of triglycerides in plasma. During the 
experiment in which duodenal ingesta were collected through duodenal 
cannulas from three Holstein steers, it was observed that ingesta flowed 
out of the cannulas most readily within 1 h after the steers had been fed. 
A greater rate of flow of ingesta into the small intestine after feeding 
could have resulted in a greater amount of fatty acids being absorbed and, 
for the Angus steers sampled before or soon after feeding, this could have 
affected their plasma triglyceride concentrations. 
During growth, acetate conversion to fatty acids and CO2 in adipose 
tissue decreased when expressed on either a tissue-weight or cellular 
basis. A similar observation was made by Trankina et al. (1984), who found 
fatty acid synthesis rates per cell to decrease in subcutaneous adipose 
tissue of beef steers as they grew from 6 months of age to 18 months of 
age. In contrast, IVhitehurst et al. (1981) observed increased rates of in 
vitro acetate conversion to fatty acids, on a cellular basis, in 
subcutaneous adipose tissue of steers as the steers grew from 352 to 427 kg 
body weight. Hood and Allen (1973) demonstrated that as cattle fatten, fat 
cells of these cattle undergo hypertrophy, which results in fewer fat cells 
per g of tissue. Hood and Allen (1975) also found that as fat cell volume 
increased so did lipogenic activity of the fat cells. In the present 
study, adipocytes per g of tissue decreased by 40% from the beginning of 
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the experiment to slaughter; the rate of acetate conversion to fatty acids 
per g tissue, however, decreased 5.5-fold during the experiment. 
All plasma lipids, with the exception of triglycerides, increased with 
growth, regardless of treatment. Plasma total cholesterol and 
LDL-cholesterol increased similarly with growth. For HDL-cholesterol, no 
increase was observed until the fourth sampling time. For cholesterol, 
LDL- and HDL-cholesterol, these changes indicate that growth in cattle fed 
high-energy finishing diets is associated with an altered lipid metabolism, 
a redistribution of circulating lipids or both. Time being fed their diet 
and aging are factors that also would be associated with these observed 
changes in lipid transport. 
The concentration of urea nitrogen in plasma increased by sampling 
time 2. As discussed previously, the increase in plasma urea nitrogen that 
occurred from the first to the second sampling time was probably the result 
of a reduced requirement for protein without a reduced intake of protein 
and, therefore, causing more amino acids to be degraded in the liver and 
elsewhere. 
Supplementation of a high-energy finishing diet with enough full-fat 
soybeans to have 6% dietary fat did not result in different growth rates or 
feed to gain ratios compared with the unsuppleraented diet. This is not 
surprising because the contents of metabolizable energy were similar for 
the control (3.01 Mcal/kg) and soybean-supplemented diets (3.03 Mcal/kg). 
Daily feed intake and feed to gain ratio of CS steers were 13.5 and 9.4% 
less than those of C steers and 9.7 and 8% less than were those of S 
steers, respectively. The slightly less feed intakes and feed to gain 
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ratios observed for the CS steers at 465 kg body weight suggest that steers 
switched from a conventional high-energy diet to one containing 14% 
extruded soybeans when they weighed 380 kg convert feed to body weight gain 
more efficiently, but at the same rate as steers fed the same diet with or 
without the extruded soybeans from 3Û0 to 474 kg body weight. Because only 
a few steers were used to compute means for feed intake, feed to gain ratio 
and average daily gain, making this conclusion may be somewhat bold. 
Carcasses of steers fed supplemental soybeans tended to contain more 
fat than did those of steers not supplemented, and, except for marbling and 
quality grade, this also was true for steers fed supplemental soybeans 
during the last half of the experiment. Marbling scores and USDA quality 
grades were greatest for the steers fed supplemental soybeans throughout 
the experiment, but overall taste panel scores for rib steaks from these 
steers were significantly less than for rib steaks from unsupplemented 
steers. Evidently, the type of lipid that accumulated in the M. 
longissimus of S steers had a negative effect on the organoleptic quality 
of the rib steaks. Greater proportions of unsaturated fatty acids were 
observed in the cooked steak from the 12th rib of steers fed supplemental 
soybeans. Correlations between fatty acids and organoleptic qualities 
revealed that 18:2, the major fatty acid of soybean oil, is correlated 
negatively with all taste panel variables but is correlated positively with 
Warner-Bratzler shear. 
Overall, feeding a high-energy diet that contained enough extruded 
soybeans to provide 6% dietary fat caused an increase in the proportion of 
polyunsaturated fatty acids in lipids of consumable beef. With the 
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soybeans in the diet, however, the dietary crude protein was maintainedat 
about 13%. From 300 to 500 kg of body weight, feedlot steers require 11.9 
to 9.7% dietary crude protein (NRC, 1976). Also, as the body weight of 
feedlot cattle approaches slaughter weight, nonprotein nitrogen can be 
substituted for protein nitrogen as a source of supplemental protein. 
Therefore, feeding oil seeds that have a greater oil to protein ratio would 
be more widely accepted by cattle feeders who want to produce beef that 
contains greater proportions of polyunsaturated fatty acids without 
excessive overfeeding of valuable protein. 
The increased proportion of polyunsaturated fatty acids observed was 
generally less than 1% of the weight of total fatty acids observed. If 
consumption of fats containing greater proportions of polyunsaturated fatty 
acids pose a health benefit for people, the increased proportions of 
polyunsaturated fatty acids observed in the present study probably would 
not be great enough to contribute significantly to this benefit. 
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GENERAL SUMMARY 
The primary purpose of this research was to determine if 
supplementation of a high-energy diet with full-fat soybeans, enough to 
increase the dietary fat to ca. 5%, would increase the proportion of 
polyunsaturated fatty acids in lipids of adipose tissue, muscle and blood 
plasma of beef cattle. Because of hydrogénation of unsaturated fatty acids 
by rumen microorganisms (Reiser, 1951), fatty acids that are absorbed by 
the small intestine and deposited in adipose tissue are mostly saturated. 
Feeding high concentrate as opposed to high roughage diets and feeding 
supplemental vegetable oils that contain great proportions of 
polyunsaturated fatty acids have resulted in increased proportions of 
polyunsaturated fatty acids in adipose tissue of beef cattle (Cabezas et 
al., 1955; Dryden and Marchello, 1973; Clemens et al., 1974b; Westerling 
and Hedrick, 1979). Use of whole oil seeds as the source of 
polyunsaturated fatty acids has not been examined in beef cattle. 
The present research was conducted by dividing, on the basis of 
weight, 18 Angus steers into tv;o groups of nine steers each and allotting 
them to one of three treatments that consisted of 1) a control diet (C), 2) 
a diet supplemented with enough extruded soybeans to provide ca. 5% dietary 
fat and fed throughout the experiment (S) and 3) the control diet fed for 
the first half of the experiment and then switched to the 
soybean-supplemented diet for the rest of the experiment (CS). Biopsies of 
blood, muscle (M. trapezius) and subcutaneous adipose tissue were obtained 
at 309, 368 and 427 kg of average body weight; at 474 kg body weight, the 
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cattle were slaughtered, and subcutaneous and perirenal adipose tissues, M. 
longissimus and blood were obtained. Steers fed supplemental soybeans from 
309 to 474 kg body weight (S steers) or from 386 to 474 kg body weight (CS) 
had a 24% greater proportion of both 18:2 and 18:3 in subcutaneous adipose 
tissue. Supplemental soybeans caused a significant increase in 18:3 in 
perirenal adipose tissue; 18:2 only slightly increased in response to 
dietary soybeans. The proportion of unsaturated fatty acids in perirenal 
adipose tissue was 32% less than that in subcutaneous adipose tissue. In 
response to supplemental soybeans, lipids of blood plasma obtained from CS 
and S steers contained greater proportions of 18:2 and 18:3 and 
concomitantly lesser 14:0, 15:0, 16:1 and 17:0 fatty acids. For all steers 
fed supplemental soybeans, the proportion of unsaturated fatty acids of 
lipids in M» trapezius only slightly increased when compared with steers 
fed the control diet; that of NL longissimus was not affected by diet. 
Supplemental soybeans fed to cattle during cold winter months, however, 
resulted in a greater proportion of 18:2 in M. longissimus than when fed 
during warmer summer months. During growth, the proportion of total 
unsaturated fatty acids increased in all tissues examined, regardless of 
diet. 
In another experiment, three Holstein steers with duodenal cannulas 
were fed each of three diets: the control, the soybean-supplemented and 
the soybean-supplemented plus enough additional soybeans for a diet of 9% 
fat. The fatty acid composition of lipids from the diets, as well as 
lipids of duodenal ingesta of steers fed each diet, were similar. The 
percentage of ether extract of duodenal ingesta was greatest in steers fed 
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the soybean-supplemented diets. Because feed intakes of each diet were not 
different and the proportions of unsaturated fatty acids were the same for 
duodenal ingesta from each diet, the greater fat content of ingesta from 
steers fed the soybean-supplemented diets indicated that a greater quantity 
of unsaturated fatty acids was available for absorption by the small 
intestine. 
Because consumption of diets containing supplemental fat affects 
lipogenic activity in adipose tissue of sheep and cattle (Yang et al., 
1978; Hood, 1980), in vitro rates of acetate conversion to fatty acids and 
CO2 and lipoprotein lipase -activity were determined in adipose tissue of 
steers fed the control and soybean supplemented diets. The rate of 
conversion of acetate to fatty acids in both perirenal and subcutaneous 
adipose tissues of steers fed supplemental soybeans was slightly less than 
that in steers fed the control diet, when the assays were conducted at 474 
kg body weight. In subcutaneous adipose tissue obtained at average weights 
of 309, 368 and 427 kg, no differences in rates of in vitro acetate 
conversion to fatty acids were observed between steers fed the control diet 
and steers fed supplemental soybeans. Lipoprotein lipase activity per mg 
of subcutaneous adipose tissue was quite variable, but, at 474 kg average 
body weight, steers fed the control diet had a lipoprotein lipase activity 
that was 41% greater than that of steers fed supplemental soybeans. At 
slaughter, lipoprotein lipase activity expressed on cellular basis was 37% 
greater for C steers than for of CS steers but was similar to that of S 
steers; the difference in lipoprotein lipase activity between C and CS 
steers, however, was not statistically significant. 
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Concentrations of total cholesterol and LDL-cholesterol increased in 
blood plasma of steers after supplemental soybeans were introduced into the 
diet. Concentrations of HDL-cholesterol and urea nitrogen were not 
affected by diet and that of triglycerides was highly variable. 
For each diet, metabolic measurements in adipose tissue and 
concentrations in plasma of lipids and urea nitrogen changed similarly 
during growth. t-Jhen data were pooled across diets, acetate conversion to 
both fatty acids and CO2 decreased during growth. Increases in total 
plasma cholesterol and LDL-cholesterol were observed at 368, 427 and 474 kg 
body weight, whereas HDL-cholesterol was increased only at 474 kg body 
weight. An increase in urea nitrogen was observed only from 309 to 368 kg 
of body weight. The increases in concentrations of total cholesterol, LDL-
and HDL-cholesterol that occurred during growth also occurred with time 
being fed their diets as well as with age of each steer; these effects of 
growth, time being fed and age obviously are confounded and cannot be 
separated. These changes in plasma lipids, however, indicate that an 
altered lipid metabolism or redistribution of circulating cholesterol 
occurred. 
Growth performances of steers fed the control diet or the 
soybean-supplemented diet during the whole or latter half of the experiment 
were similar. Carcasses of steers fed supplemental soybeans for either 
half or all of the experiment tended to have greater fat thickness over the 
12th rib, greater percentage of kidney, pelvic and heart fats, larger loin 
eye areas and greater USDA yield grades. Marbling and USDÀ quality grades, 
however, were greatest for carcasses of steers fed soybean-supplemented 
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diets during the entire experiment. Taste panel evaluations of rib steaks 
revealed that tenderness, juiciness, flavor and amount of connective tissue 
were not greatly affected by diet but, overall, the taste panel rated rib 
steaks from control-fed steers best. Lipids of rib steaks fran steers fed 
supplemental soybeans for both lengths of time tended to have greater 
proportions of 18:2 and 18:3 fatty acids than did those of rib steaks from 
steers fed the control diet. Cooked rib steaks from steers fed either of 
the diets had similar concentrations of lipid and cholesterol, whereas 
there was a greater concentration of lipid in uncooked rib steaks of steers 
fed supplemental soybeans during the entire experiment; cholesterol content 
in uncooked rib steaks was not affected by diet. The proportion of 18:0 in 
lipids of cooked steaks, was greater than and that of 18:2 was less than 
those in lipids of uncooked steaks. Correlations between 18:2 and 
organoleptic variables were negative and suggested that beef containing 
lipids with greater proportions of polyunsaturated fatty acids is less 
palatable. Positive correlations were observed between Warner-Bratzler 
shear values and both 18:2 and 18:3, whereas negative correlations were 
observed for both 16:1 and 18:1 fatty acids and Warner-Bratzler shear. 
Overall, supplementing a high-energy finishing diet for beef cattle 
with enough full-fat soybeans to provide 6% dietary fat increased the 
proportion of polyunsaturated fatty acids in lipids of adipose tissue; 
synthesis and deposition of lipids in adipose tissue, however, were 
affected minimally. Average daily gains, feed to gain ratios and daily 
feed intakes were not affected by diet, but supplemental soybeans tended to 
result in carcasses that contained more fat over the 12th rib, greater 
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percentage of kidney, pelvic and heart fats and more marbling. The 
increase in proportion of 18:2 in lipids of rib steaks had a negative 
effect on organoleptic quality of these steaks. 
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APPENDIX 
Table Al. Fatty acid composition of subcutaneous adipose tissue fron 
steers fed the control or high-fat diets and slaughtered 
during the fall 
Sampling tdme^  
Fatty acid^  
1 2 
cs"^  C CS S 
14:0 4.70 4.57 4.53 4.80 4.50 4.40 
±.29 ±.38 ±.13 ±.35 ±.35 ±.47 
15:0 1.80 2.07 2.17 1.87 1.80 2.13 
±.06 ±.17 ±.09 ±.03 ±.15 ±.28 
16:0 30.9 29.4 28.0 28.7 29.0 28.4 
±.83 ±.70 ±1.02 ±.40 ±.66 ±2.26 
16:1 6.00 5.33 5.33 5.57 5.37 5.73 
±.56 ±.59 ±.15 ±.46 ±.28 ±.60 
17:0 1.15 1.27 1.37 1.23 1.57 1.14 
±.13 ±.09 ±.07 ±.09 ±.27 ±.14 
18:0 13.6 14,9 13.9 13.7 13.5 12.0 
±.73 ±1.34 ±.20 ±.70 ±.32 ±1.11 
18:1 38.4 38.7 39.9 39.8 39.9 41.2 
+ .48 ±.35 ±.85 ±.52 ±1.41 +1.88 
18:2 1.87 2.13 2.77 2.30 2.23 3.13 
±.19 ±.33 ±.23 ±.35 ±.15 ±.37 
18:3 .34 .40 .53 .43 .36 .59 
+ .04 ±.07 ±.05 ±.02 ±.04 + .09 
i^mes 1,2,3 and 4 correspond to body weights of 309, 368, 427 
and 474 kg, respectively. 
Values are weight percents plus or minus standard errors of the 
means of total fatty acids observed. 
^^eatments C, CS and S are described in the text. 
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Sampling time 
Fatty acid^  
3 4 
C CS S C CS S 
14:0 4.53 4.17 4.10 4.40 3.73 4.03 
+ .34 ±.09 + .12 ±.36 + .07 + .28 
15:0 1.87 2.07 2.03 1.83 1.97 2.40 
±.03 ±.03 + .03 ±.09 ±.12 ±.10 
16:0 28.8 27.5 26.8 28.9 27.1 27.6 
±1.19 ±.68 + .61 ±.55 ±.71 ±1.99 
16:1 6.63 5.57 5.30 6.40 5.77 6.43 
±1.08 ±.18 + .44 ±.93 ±.19 ±.43 
17:0 1.17 1.23 1.11 1.16 1.04 1.09 
+ .14 ±.09 + .11 ±.15 ±.08 ±.17 
18:0 11.6 12.5 12.7 11.4 11.2 9.77 
±1.10 ±.35 ±1.00 ±1.34 + .26 ±.26 
18:1 41.1 42.2 42.1 41.5 43.3 43.2 
±.97 ±.57 + .84 ±1.19 ±.52 ±1.72 
18:2 2.57 2.90 3.80 2.60 3.77 3.63 
±.17 ±.40 ±.25 ±.06 ±.35 ±.35 
18:3 .45 .50 .70 .48 .65 .66 
±.04 ±.05 ±.06 ±.02 ±.05 ±.08 
Table A2. Fatty acid cotçosition of subcutaneous adipose tissue from 
steers , fed the control or high-fat diets and slau^ tered 
during the winter 
Sampling time  ^
Fatty acid^  
1 2 
CS^  C CS S 
14:0 4.40 4.53 4.60 4.15 4.37 4.93 
±.00 ±.91 + .40 ±.15 ±.87 ±.43 
15:0 2.05 1.87 1.73 2.15 2.00 1.70 
±.15 ±.29 ±.09 + .15 + .31 + .06 
16:0 28.7 29.2 29.9 28.2 28.3 30.3 
±1.55 ±1.90 ±1.49 ±1.15 ±2.58 ±1.29 
16:1 5.40 5.13 4.50 6.00 5.87 4.57 
±.20 + .32 ±.40 ±.20 ±.74 ±.26 
17:0 1.45 1.20 1.63 1.40 1.10 1.37 
±.05 + .06 ±.20 ±.00 ±.06 ±.23 
18:0 12.2 14.6 15.8 10.6 12.5 14.7 
±.25 + .72 ±.75 ±.60 ±1.22 ±.93 
18:1 40.5 39.2 37.4 42.8 41.5 38.6 
±.85 ±2.29 ±1.64 ±1.50 ±2.72 ±1.86 
18:2 3.30 2.63 2.63 3.05 2.80 2.70 
±.10 + .56 ±.24 ±.05 ±.54 ±.17 
18:3 .48 .50 .38 .46 .51 .43 
±.03 ±.07 ±.04 + .03 ±.07 + .01 
i^mes 1,2,3 and 4 correspond to body wei^ ts of 309, 368, 427 
and 474 kg, respectively. 
4/alues are weight percents plus or minus standard errors of the 
means of total fatl^  acids observed. 
"treatments C, CS and S are described in the text. 
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Sampling time 
3 4 
Fatty acid^  C CS S C CS S 
14:0 4.10 4.23 3.97 3.75 3.97 4.13 
±.00 ±.84 ±.22 ±.05 ±.82 ±.41 
15:0 2.15 2.13 1.70 2.10 1.97 2.27 
±.25 ±.49 ±.15 ±.10 ±.29 ±.27 
16:0 29.0 28.3 28.8 26.2 26.2 27.3 
±1.35 ±1.58 ±1.42 ±1.35 ±1.76 +1.18 
16:1 6.20 6.30 4.83 6.30 5.43 6.43 
±.00 ±.85 ±.37 ±.20 ±.71 ±.58 
17:0 1.30 1.04 1.23 1.15 .95 1.04 
±.10 ±.06 ±.24 ±.05 ±.03 ±.23 
18:0 9.50 11.3 12.8 9.30 9.50 9.83 
±.00 ±1.45 ±.23 ±.20 ±1.81 ±.72 
18:1 42.7 42.0 41.8 44.6 43.4 43.7 
±.80 ±2.46 ±1.19 ±.05 ±2.24 ±1.59 
18:2 3.35 3.13 3.30 3.70 3.73 3.50 
±.05 ±.44 ±.25 ±.00 ±.60 ±.20 
18:3 .55 .56 .57 .62 .70 .55 
±.02 ±.04 ±.04 ±.02 ±.04 ±.13 
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Table A3. Fatty acid catçosition of perirenal adipose tissue frcm 
steers fed the control or high-fat diets and slaughtered 
during fall or winter^  
Slaughter group 
Fall Winter 
Fatty acid^  CS^  Ç CS S 
14:0 4.23 3.40 4.23 3.45 4.13 3.37 
+ .42 ±.40 ±.13 ±.05 ±.39 ±.18 
15:0 .68 1.02 .78 .63 .88 .59 
+ .09 ±.22 ±.02 ±.14 ±.11 ±.12 
16:0 29.2 25.6 27.8 28.2 28.9 27.0 
±.74 ±.57 ±.45 ±.10 ±1.50 ±.40 
16:1 3.17 3.17 3.07 2.85 3.03 2.67 
+ .33 ±.20 ±.19 ±.05 ±.13 ±.12 
17:0 1.23 1.20 1.23 1.35 1.01 1.14 
+ .03 ±.06 ±.07 ±.05 ±.05 ±.11 
18:0 24.9 23.8 24.1 24.0 24.8 27.1 
±1.21 ±2.06 ±.57 ±.85 ±.48 ±1.66 
18:1 32.9 36.5 33.9 35.9 32.2 33.7 
±1.21 ±.58 ±.79 ±.10 ±1.74 ±.90 
18:2 2.20 3,37 3.13 2.55 3.23 3.11 
±.00 ±.15 ±.32 + .65 ±.29 ±.92 
18:3 .38 .59 .57 .34 .43 .58 
±.03 ±.05 ±.03 ±.08 ±.04 ±.07 
Perirenal adipose tissue was obtained only at slaughter. 
Values are weight percents plus or minus standard errors of the 
means of total fatty acids observed. 
treatments C, CS and S are described in the text. 
Table A4, Patty acid canposition of M. trapziiis frcrn steers fed the control or high-fat diets^  
Sampling time 
Fatty acid^  
1 2 3 
CS° C CS S C CS S 
14:0 5.20 4.85 4.95 4.80 4.65 4.90 4.65 5.15 5.10 
±.40 ±.05 ±.05 ±.00 ±.25 ±.20 ±.15 ±.45 ±.20 
15:0 1.85 2.10 2.40 1.90 1.90 2.20 2.35 2.30 2.30 
±.15 ±.10 ±.30 ±.10 ±.10 ±.30 ±.55 ±.30 ±.40 
16:0 30.9 31.0 30.6 30.0 30.3 30.6 29.7 30.4 31.0 
±.05 ±.35 ±-40 ±.35 ±.25 ±.25 ±.35 ±1.25 ±1.00 
16:1 5.40 5.60 5.65 6.65 6.00 6.05 6.60 6.20 6.15 
±.00 ±.10 ±.55 ±.25 ±.40 ±.25 ±.40 ±.40 ±.35 
17:0 1.25 1.05 1.35 1.05 .96 1.08 1.10 .99 .94 
±.05 ±.05 ±.15 ±.06 ±.05 ±.12 ±.11 ±.01 ±.06 
18:0 13.5 13.3 12.8 11.6 12.6 11.8 10.5 11.4 11.4 
±.90 ±.60 ±.85 ±.70 ±.90 ±.45 ±1.40 ±.40 ±.90 
18:1 36.6 37.6 38.1 39.5 39.2 38.5 40.6 39.2 38.7 
±.00 ±.35 ±.25 ±.50 ±.45 ±.65 ±.05 ±1.25 ±1.15 
18:2 3.80 2.70 2.55 2.60 2.60 3.30 2.45 2.70 2.80 
±1.30 ±.40 ±.15 ±.80 ±.10 ±.50 ±.15 ±.80 ±.10 
18:3 .34 .36 .40 .38 .27 .40 .41 .52 .44 
±.04 ±.01 ±.02 ±.01 + .05 ±.04 ±.02 ±.80 ±.06 
a^tty acid ccmpositions were determined in lipid extracts that were pooled for each pen of 
steers at sampling times 1, 2 and 3, vAiich corresponded to body weights of 309, 368 and 427 kg, 
respectively. 
'Values are weight percents plus or minus standard errors of the means of total fatty acids 
observed. 
'treatments C, CS and S are described in the text. 
Table A5. Fatty acid carçosition of total lipids of blood plasma fran 
steers fed the control or high-fat diet^  
Sampling time 
Fatty acid^  
1 2 
CS° C CS S 
14:0 1.04 1.25 1.11 1.30 1.20 .85 
+.23 ±.15 ±.30 ±.00 ±.10 ±.25 
15:0 .68 .76 1.19 .52 .58 .35 
+ .04 ±.15 ±.61 ±.05 ±.02 ±.04 
16:0 13.9 14.9 15.2 13.8 13.4 13.1 
±1.00 ±.50 ±.75 ±.50 ±.65 ±.30 
16:1 2.45 2.55 2.70 2.30 2.30 1.75 
±.35 ±.15 ±.40 ±.00 ±.10 ±.15 
17:0 1.08 .98 1.03 1.20 1.15 .88 
±.12 ±.01 ±.07 ±.10 ±.05 ±.06 
18:0 22.1 22.0 22.3 21.9 21.4 22.8 
±.75 ±.10 ±1.05 ±.50 ±.05 ±.05 
18:1 10.9 10.8 10.6 9.96 9.70 7.45 
±.75 ±1.55 ±.95 ±.65 ±.80 ±.25 
18:2 38.6 3.80 38.5 40.5 42.0 45.6 
±3.25 ±3.00 ±3.95 ±.90 ±.95 ±.90 
18:3 1.65 1.20 .98 1.06 1.05 1.30 
±.05 ±.00 + .02 ±.25 ±.06 ±.00 
%atty acid compositions were determined in lipid extracts that 
were pooled for each pen of steers at sairoling times 1,2,3 and 4, vMch 
correspond to body wei^ ts of 309, 368, 427 and 474 kg, respectively. 
Values are weii^ t percents plus or minus standard errors of the 
means of total fatty acids observed. 
^Treatments C, CS and S are described in the text. 
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Sampling time 
Fatty acid 
3 4 
C CS S C CS S 
14:0 1.10 .83 .88 1.10 .81 .85 
±.21 ±.27 ±.06 ±.10 ±.19 ±.15 
15:0 .49 .34 .33 .43 .34 .37 
±.00 ±.01 + .04 ±.05 ±.04 ±.04 
16:0 13.9 14.5 13.8 14.0 13.6 13.5 
+ .05 ±1.05 ±.70 ±.30 ±.40 ±.10 
16:1 2.20 1.80 1.70 2.25 1.65 1.85 
±.10 ±.20 ±.10 ±.05 ±.25 ±.05 
17:0 1.06 .83 .86 1.00 .81 .83 
±.15 ±.17 ±.09 ±.01 ±.08 ±.04 
18:0 20.4 21.8 23.2 21.9 23.4 22.5 
±1.45 ±.80 ±.75 ±.15 ±.55 ±1.20 
18:1 9.27 9.25 8.10 9.40 8.25 9.05 
±.57 + .35 ±.10 ±.80 ±.85 ±.45 
18:2 43.2 41.5 44.2 41.8 43.3 43.0 
±2.20 ±1.50 ±.00 ±.80 ±.95 ±1.20 
18:3 .64 1.25 1.15 .61 1.00 1.20 
+ .03 +.15 +.05 ±.09 +.00 ±.10 
Table A6. Patty acid catçosition of cooked arid uncooked M. longissimus 
fran steers fed the control or high-fat diet and slaughtered 
during the fall or winter^  
Fall slaughter group 
Fatty acid^  
Cooked Uncooked 
CS^  C CS S 
14:0 4.40 4.30 4.47 4.30 4.00 4.33 
+ .10 ±.31 ±.09 ±.35 ±.29 ±.38 
15:0 1.17 1.27 1.43 1.09 1.23 1.27 
±.03 1.15 ±.09 + .07 + .12 ±.12 
16:0 27.1 27.0 27.8 26.6 26.7 27.7 
+ .15 ±.95 + .83 ±.20 ±.92 ±1.13 
16:1 4.60 4.33 4.67 4.13 4.10 4.33 
+ .20 ±.41 ±.23 ±.18 ±.32 ±.09 
17:0 .84 .87 .82 .95 .81 .83 
+ .04 ±.09 ±.05 ±.09 ±.09 ±.02 
18:0 13.1 13.1 12.2 13.3 12.8 13.9 
+ .28 ±.38 ±.13 ±.15 ±.46 ±.37 
18:1 37.5 37.5 32.2 37.2 36.5 37.0 
+ .54 ±1.36 ±.52 ±1.15 +1.15 ±.98 
18:2 7.00 8.07 7.83 7.70 9.17 6.47 
+ .52 ±1.89 ±.59 ±.91 +1.17 + .60 
18:3 .53 .61 .76 .59 .78 .86 
+ .05 ±.09 ±.05 ±.07 ±.05 + .32 
C^ooked rib steaks were fran the 12th rib and the uncooked rib 
steaks were fran the 11th rib. 
Values are weight percents plus or minus standard errors of the 
means of all fatty acids observed. 
^^eatments C, CS and S are described in the text. 
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Winter slaughter group 
Fatty acid 
Cooked Uncooked 
C CS S C CS S 
14:0 4.15 4.77 4.67 4.00 4.33 4.20 
±.35 ±.42 ±.09 ±.50 ±.18 ±.00 
15:0 1.39 1.06 1.27 1.25 1.04 1.19 
±.41 ±.28 ±.12 ±.25 ±.25 ±.16 
16:0 27.2 26.7 27.3 26.7 27.1 26.6 
±.25 ±.50 ±.49 ±.10 ±1.39 ±.17 
16:1 4.75 3.87 4.00 4.50 4.13 3.97 
+.55 ±.52 ±.15 + .30 ±.58 + .13 
17:0 .92 .58 .85 .95 .70 .86 
±.08 ±.07 ±.23 ±.05 ±.08 ±.22 
18:0 11.4 12.6 13.0 12.0 13.7 13.6 
±.70 ±.72 ±.32 ±.70 ±.98 ±.64 
18:1 38.3 32.2 34.7 38.6 35.4 36.1 
±1.10 ±3.06 ±1.98 ±.85 ±1.10 ±2.23 
18:2 7.55 12.8 10.4 7.60 8.30 8.93 
±.75 ±2.37 ±1.47 ±.40 ±2.13 ±1.99 
18:3 .76 .75 .80 .54 .49 .72 
±.21 + .12 ±.01 ±.14 ±.10 ±.11 
Table A7. Correlations between fatty acids of subcutaneous adipose tissue of steers fed the 
control and high-fat diets  ^
Fatty acid 
Fatty acid 18:3 18:2 18:1 18:0 17:0 16:1 16:0 15:0 
14:0 -.55<^  -.64*^  -.83^  .13 — .12 .28^  .78^ .44^  
15:0 .02 -.14 -.11 -.46^  -.34^  .59^  .25^  
16:0 -.71*^  -.70^  -.87^  .13 -.16 .32° 
16:1 -.06 — .16 -.03 -.66^  -.53*^  
17:0 -.24^ -.06 -.05 .43^  
18:0 -.39° -.39^ -.43 
18:1 .70^  .67^  
18:2 .84^ 
S^amples obtained fron 17 steers at 309, 
<^.05. 
'^ P<.01. 
368, 427 and 474 kg body weight. n=68. 
*^<.001. 
Table A8. Correlations between fatty acids of perirenal adipose tissue of steers fed the control 
and high-fat diets 
Fatty acid 
Patty acid 18:3 18:2 18:1 18:0 17:0 16:1 16:0 15:0 
14:0 -.13 -.22 -.49^  -.42 -.05 .48° .76^  .35 
15:0 .39 .15 .36 -.67*^  -.02 .70° -.14 
16:0 -.55^  -.44^  -.74^  ^ -.04 -.03 .03 
16:1 .03 -.14 .32 -.69° .01 
17:0 -.09 -.34 .36 -.19 
18:0 -.27 -.30 -.50*^  
18:1 .35 .28 
18:2 
4^
 00 
S^amples obtained at 474 kg body weight, n=17. 
P^<.05. 
'^ <,01. 
<^.001. 
Table A9. Correlations between fatty acids of total lipids of blood plasma of steers fed the 
control and high-fat diets^  
Fatty acid 
Fatty acid 18:3 18:2 18:1 18:0 17:0 16:1 16:0 15:0 
14:0 -.09 -.58= .60= -.25 .22 .73^  ^ .44b .53= 
15:0 .05 -.73^  .65^  .06 .23 .80^  
in 
16:0 .01 -.68^  .55= -.10 1 to
 
.59= 
16:1 -.03 -.81^  .83*^  -.26 .35 
17:0 -.25 -.17 .31 -.21 
18:0 .23 -.13 -.11 
18:1 .12 -.93^  
18:2 -.18 
S^amples obtained frcm steers in 6 pens of 3 steers each at 309, 368, 427 and 474 kg 
average body weight, n=24. 
%P<.05. 
=P<.01. 
^<.001. 
Table AlO. Correlations between fatty acids of M. trapezius frcm steers fed the control and high-
fat diets^  
Fatty acid^  
Fatty acid 18:3 18:2 18:1 18:0 17:0 16:1 16:0 15:0 
14:0 .39 -.27 -.53% .18 .01 -.11 .59° .28 
15:0 .69^  -.40 .28 -.64° .03 .51% -.01 
16:0 .04 -.12 -.76^  .31 .06 -.29 
16:1 .48% -.44% .66° -.82^  -.45% 
17:0 -.15 .29 -.36 .26 
18:0 -.55% .11 -.70° 
18:1 .26 -.25 
18:2 -.34 
S^amples obtained frcm steers in 6 pens of 3 steers each at 309, 368 and 427 kg body weight, 
n=18. 
%P<.05. 
°P<.01. 
'^<.001. 
Table All. Correlations between fatty acids of cooked M. lonqissintus of steers fed the control 
and high-fat diets^  
Fatty acid 
Fatty acid 18:3 18:2 18:1 18:0 17:0 16:1 16:0 15:0 
14:0 .26 .37 -.61° -.10 -.42 -.09 .20 .06 
15:0 -.35 -.67° .62° -.61° .51^  .82^  .57^  
16:0 -.05 -.62° .35 -.19 .33 .59^  
16:1 -.39 -.84^  .75^  -.54^  .42 
17:0 -.59^  -.71° .78^  -.19 
18:0 -.23 .20 -.23 
18:1 -.58° -.92^  
18:2 .54 
S^amples obtained at the 12th rib at 474 kg body weight, n=17. 
bp<.05. 
°I><.01. 
?^<.001. 
Table A12. Correlations between fatty acids of uncooked M. longissiinus of steers fed the control 
and high-fat diets^  
Fatty acid 
Fatty acid 18:3 18:2 18:1 18:0 17:0 16:1 16:0 15:0 
14:0 -.53% .10 -.46% -.01 -.17 .42 .46% .31 
15:0 -.12 -.57% .34 -.42 .32 .76^  .70° 
16:0 -.32 -.68° .12 -.05 -.01 .73^  
16:1 -.11 -.59° .23 -.55% .08 
17:0 -.07 -.47% .70* -.12 
18:0 -.19 -.15 -.02 
18:1 .06 -.73^  
18:2 .22 
S^amples obtained at the 11th rib at 474 kg body weight, n=17. 
bp<.05. 
°P<.01. 
P^<.001. 
